
Express Mail Mailing Label No. EH 646635735 US 



Attorney Docket No. 9100.2881 RET 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Peter A. Hochstein 

Application No.: 09/382,702 

Reissue Filed: August 24, 1999 

Original Patent: 5,661,645 

Issued: August 26, 1997 

For: POWER SUPPLY FOR LIGHT 

EMITTING DIODE ARRAY : May 22, 2009 

MAIL STOP APPEAL BRIEF - PATENTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



TC Art Unit: 2838 
Examiner: B. Vu 



APPEAL BRIEF 



s TABLE OF CONTENTS 

I. REAL PARTY IN INTEREST 1 

II. RELATED APPEALS AND INTERFERENCES 1 

m. STATUS OF CLAIMS 1 

IV. STATUS OF AMENDMENTS 2 

V. SUMMARY OF CLAIMED INVENTION 2 

A. Prior Art Traffic Signals 2 

B. Applicant's Added Conflict Monitor Compatibility Circuit 5 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 9 

VIL ARGUMENT 10 

A. Claim 24 and Its Dependent Claims 10 

1. The Claimed Invention is Patentable Over the Prior Art 10 

2. The Examiner Did Not Address Applicant's Claims or Evidence 14 

B. Claims 28 and 32 and Their Dependent Claims 18 

C. Claim 44 and Its Dependent Claims 18 

CLAIMS APPENDIX 19 

EVIDENCE APPENDIX 25 

RELATED PROCEEDINGS APPENDIX 26 



APPEAL BRIEF 

I. REAL PARTY IN INTEREST 

The real party in interest is Relume Corporation, by virtue of an assignment 
recorded in U.S. Patent and Trademark Office records at Reel 020835, Frame 0109. 

II. RELATED APPEALS AND INTERFERENCES 

The appellant is aware of no pending appeals, interferences, or other judicial 
proceedings. 

As for prior related proceedings, an earlier notice of appeal dated November 
3, 2003, was filed in the present application. Before the appeal was fully briefed, a 
request for continued examination was filed on January 16, 2007. 

In addition, litigation involving U.S. Patent No. 5,661,645 (Evidence 
Appendix, Exhibit A), which the present application seeks to reissue, resulted in a 
judgment of invalidity of claims 1, 2, and 4-6 of the patent. Relume Corp. v. Dialight 
Corp., 63 F.Supp.2d 788 (E.D. Mich. 1999), a&'d, 4 Fed. Appx. 893 (Fed. Cir. 2001) 
(Related Proceedings Appendix, Exhibit J). There is no pending litigation. 

III. STATUS OF CLAIMS 

Reissue claims 24, 28, 32, 37, 38, 41, 42, 44, and 46-53 are rejected and are 
appealed. Claims 24, 28, 32, and 44 are independent. 

Claims 1-23 (all of the claims in original U.S. Patent No. 5,661,645), and 
reissue claims 25-27, 29-31, 33-36, 39, 40, 43, and 45, are canceled. 



IV. STATUS OF AMENDMENTS 

No claim amendments have been filed since the second rejection of the 
appealed claims in the office action of January 22, 2009, from which this appeal is 
taken. 

The rejection being appealed was not made final. However, the application is 
ripe for appeal since the claims have been rejected twice. 37 C.F.R. § 41.31(a)(1). i 

V. SUMMARY OF CLAIMED INVENTION 

The claimed conflict monitor compatibility circuit provides safe and efficient 
operation of solid-state controlled vehicular and pedestrian traffic signals that have 
been retrofitted with LEDs. 

A. Prior Art Traffic Signals 

Prior art traffic signals include conflict monitor circuits as a safety feature to 
guard against hazards such as showing green lights at intersecting streets. This can 
happen if, say, a lightning strike creates a power surge that damages the signal's 
solid state traffic controller switch and results in conflicting green lights. The 
conflict monitor circuit detects the conflict and initiates remedial action, such as 
changing the green lights to a flashing red mode. Declaration of Peter A. Hochstein, 
dated April 12, 2007 (Evidence Appendix, Exhibit G; "the Hochstein Declaration"), 
para. 12; U.S. Patent No, 5,075,601 to Hildebrand (Evidence Appendix, Exhibit C) 
col. 1, lines 11-33). 

1. Dependent claims 46-53 were not acted on in the penultimate office action of August 12, 2008. 
Consequently, the rejection of all of the claims in the last office action, mailed January 22, 2009, 
was not made final, even though no claim had been amended in response to the earlier office 
action. 
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Because LEDs consume so little electrical power, they are being retrofitted to 
existing traffic signals with older forms of illumination, such as incandescent bulbs. 
Specification col. 1, line 62, to col. 2, line 4. (Specification citations are to columns 
and line numbers of the applicant's original U.S. Patent No. 5,661,645.) The 
conventional power supply components of these signals remain in place even though 
the light source has been replaced with LEDs. For example, in addition to the 
applicant's new conflict monitor comparability circuit (discussed further below), 
independent claims 24, 28, and 32 include these conventional components- 

an electrical input for coupling to a source of a.c. line voltage through a 
solid state traffic controller switch for providing an electrical input 
voltage having an operating range with a lower limit voltage sufficient 
to activate the LEDs when the switch is on; specification col. 5, lines 
15-18, col. 6, lines 27*30, Figs. 5, 6a, 6b (describing an electrical input 
22 coupled to an a.c. power main through a solid state switch; Fig 6a 
was amended, Evidence Appendix, Exhibit F). 

a rectifier coupled to the electrical input and having a rectifier output; 

specification col. 5, lines 35-39, Fig. 5 (the rectifier 32). 

a line voltage regulating switchmode power supply having a power 

supply input coupled to the rectifier output and a power supply output; 

specification col. 5, lines 41-54, Fig. 5 (the power supply 38). 

• a plurality of LEDs coupled to the power supply output for emitting 

light in response to the power supply output; specification col. 5, lines 

5-10, col, 6, lines 24-27, Fig. 5 (the LEDs 16). 
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Older conflict monitor circuits for signals using conventional power supply 
components can cause false conflict detection when used with LEDs, The claimed 
invention relates to a conflict monitor compatibility circuit that solves this problem 
and still maintains the low power consumption advantage of LEDs. Hochstein 
Declaration, para. 12. 

False conflict indications can occur because of a difference between the 
electrical characteristics of LEDs and incandescent lamps. When power to an 
incandescent lamp is off, it exhibits a relatively low resistance (impedance). When 
the lamp is on, it presents a high resistance to the circuit, resulting in an elevated 
voltage. A properly operating conflict monitor circuit detects when the voltages 
associated with crossing streets' green lights exceed a predetermined value, 
indicating that the green lights for both streets are on at the same time. The 
conflict monitor circuit then takes safety measures such as changing the green 
signals to an all flashing red mode. Hochstein Declaration, para. 13. 

LEDs are different because, unlike incandescent lamps, they typically exhibit 

a relatively high input impedance in the presence of even low currents, such as 

normal leakage currents from the signal's solid state traffic controller switch when 

it is turned off. Leakage currents do not cause a problem with incandescent lamps 

because of incandescent lamps' relatively low impedance at these low leakage 

currents. But LEDs' high impedance can create appreciable voltage levels when the 

traffic control switch is turned off. So when LEDs are retrofitted to conventional 

traffic signals, conflict monitor circuits that use elevated voltages to indicate a 

conflict ("on" green lights at crossing streets) can erroneously detect conflicts even if 
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the traffic controller switch is functioning properly. This is because leakage 
currents, which are present during normal operation of the solid state traffic 
controller, are not shunted from the conflict monitor circuit by LEDs as they would 
be by incandescent lamps. In other words, an LED signal subjected to leakage 
currents can create a high voltage, which the conflict monitor circuit wrongly 
interprets as a lighted LED. See specification col. 5, lines 15-30; Hildebrand col. 1, 
lines 11-33; Hochstein Declaration, para. 14. 

There were solutions to this false positive problem before the applicant's new 
conflict monitor compatibility circuit. However, none of them enabled full advantage 
to be taken of the low power consumption of LEDs as compared to other types of 
illuminating devices such as incandescent lamps or luminescent (neon or 
fluorescent) lights. 

One solution was placing a large capacitor across the inputs to the LEDs to 

absorb leakage currents. This defeated the purpose of using LEDs for their low 

power consumption because of the reactive power drawn by the capacitor. See 

specification col. 5, lines 23-30. Another solution is described in Hildebrand, which 

was used to reject the applicant's claims. But as discussed below in the "Argument" 

section, Hildebrand's "dynamic load circuit" also mitigates the advantages of using 

LEDs in the first place. 

B. Applicant's Added Conflict Monitor Compatibility Circxut 

The claimed invention introduces a new circuit, called a conflict monitor 

compatibility circuit, having the following features (independent claim 44 recites 

the elements in a slightly different order, but contains the same limitations): 
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Claimed circuit 


Disclosed Embodiment 


a low impedance load and a 
with the low impedance load, 


A circuit 24 to "eliminate problems with 

UUlillXCL illUXXXLUXo XXXUXtlUCo d IKJW 

impedance resistor 60 connected in 
series with a transistor Q2. Col. 6, lines 
36-42, 57-62, col. 7, lines 12-15, 44-50; 
Figs. 6a, 6b. 


the transistor being biased as a 
switch having an essentially 
nonconductive condition whenever 
the electrical input voltage is at or 

ClLfWVC U^C^X dLlllg Xdll^C? XvlWC^X 

limit voltage and 


The bipolar transistor switch Q2 is off 
("essentially nonconductive") whenever 
the traffic controller switch is on to 
provide the nominal 120 volts (with a 

xdxlgt; Ul OO VUlto/ dt Lllki olUCtxlLdl 

input 22 so that a Zener diode D5 
reverse-conducts from cathode to anode. 
Col. 6, lines 27-30, col. 7, lines 44-46, 
63-67. 


an essentially conductive 
condition if the electrical input 

VUXUdgC? LLXU^O li\J <X ^X CLXoUti^X IXXXXXt^LI. 

value below the operating range 
lower limit voltage, wherein- 


The transistor Q2 is on ("essentially 
conductive") if the electrical input 22 

IXLUpo UfcJXOW TtV VUlLo VlUWcX Llldll tile; 

85-140 volt operating range) and 
prevents the Zener diode D5 from 
conducting in the reverse direction. Col. 
7, lines 41-47, 53-60. 


the transistor in the essentially 
nonconductive condition prevents 

Hi ctdiriflt'inn nf nnwpT frnm tViP 

power supply output through the 
low impedance load whenever the 
electrical input voltage is within 
the operating range, and 


When the transistor Q2 is off, the 
resistor 60 is removed from the circuit, 

Vi pt*p1^\7 riT*P\/PTi f"i n or iiTinp/^PGociT'ir 

L1XC7X CU jr ^X t7 VC;XiLXXl^ U.Xiilt^L't^oOClX V 

dissipation of power." Col. 7, line 65, to 
col. 8, line 1. 


the transistor in the essentially 
conductive condition couples the 
low impedance load to the 
electrical input for shunting 
leakage current from the solid 
state traffic controller switch 
when the switch is off. 


"If the Zener diode D5 does not conduct, 
the transistor Q2 is turned on to place 
the load resistor 60 linl thp nowpr linpQ 
22 causing the leakage voltage [from the 
solid state switch] to drop below 10 
volts." Col. 7, lines 18-30, 47-48, 59-62. 



As the claims state, the applicant's conflict monitor compatibility circuit 
includes a transistor biased as a switch. This means that the claimed 
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series-connected low impedance load is out of the circuit (the transistor is in the 
essentially nonconductive condition) whenever the electrical input voltage is within 
its operating range. If the electrical input voltage drops below a predetermined 
value lower than the operating range, the low impedance load is coupled to the 
electrical input (the transistor is in the essentially conductive condition). 

The principle is that an electrical input voltage below a predetermined value 
indicates that the solid state traffic controller switch is actually off and that the 
sensed voltage is due to leakage currents. The transistor is turned on to couple the 
low impedance load to the electrical input and reduce the leakage voltage to a value 
that is consistent with proper operation of the conflict monitor circuit (say 10 volts; 
see specification col. 7, lines 47-48). Fig. A shows the Fig. 6b embodiment in this 
mode^ 



22 Current 



Transistor Q2 is ON to 
prevent false positive 
conflict indication 



V is < 40 volts 
when traffic 
controller switch 
is off 



® 




©Vo < 10 volts (to 
conflict monitor 



circuit) 



Current 



FIG. A 



Shunting the leakage current through the low impedance load in this manner 
enables proper operation of the conflict monitor circuit because the artificially 
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elevated leakage voltage cannot trigger a false conflict. That is, the conflict monitor 
circuit will detect a low voltage, just as it would if the traffic signal used 
incandescent lamps. This prevents false positive conflict indications due solely to 
normal leakage currents. Hochstein Declaration, para. 17. 

Stepping back a moment, it is important to keep in mind that the applicant's 
claimed conflict monitor compatibility circuit does not differ materially from 
Hildebrand's "dynamic load circuit" in how it avoids these false positive indications. 
That is, when the solid state traffic controller switch is off, both circuits shunt 
leakage currents through a low impedance load. 

But when the traffic controller switch is on, the applicant's circuit improves 
markedly over Hildebrand. Fig. B shows the applicant's Fig. 6b embodiment in this 
mode: 



Transistor Q2 is OFF when 
V is in operating range to 
prevent power dissipation 
through resistor 60 



Current 



V is in operating 
range (85 to 140 
volts) when traffic 
controller switch 




Vo = V Qights 
LEDs without 
power dissipation) 



Current 



FIG.B 
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Unlike Hildebrand's circuit, the applicant's circuit, in the words of claim 24, 
"prevents dissipation of power from the power supply output through the low 
impedance load whenever the electrical input voltage is within the operating 
range." This is because the transistor is off whenever the solid state traffic 
controller switch is on, with the electrical input voltage in its operating range. This 
ensures that the signal consumes only the power required to illuminate the LEDs. 

None of the claims includes means plus function or step plus function 
limitations under 35 U.S.C. § 112, sixth paragraph (Claims Appendix). 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Claim 24 (and its dependent claims) are rejected as being unpatentable 

under 35 U.S.C. § 103(a) over U.S. Patent No. 5,463,280 to Johnson (Evidence 
Appendix, Exhibit B), in view of Applicant Prior Art and further in view of 
Hildebrand (Evidence Appendix, Exhibit C). 

B. Claims 28 and 32 (and their respective dependent claims) are rejected 
as being unpatentable under 35 U.S.C. § 103(a) over Johnson, in view of the Brown, 
M., Power Supply Cookbook, Motorola (1994) (Evidence Appendix, Exhibit D) and 
the Motorola Data Sheet for Power Factor Controller MC34261 (Evidence Appendix, 
Exhibit E), in view of Applicant Prior Art and further in view of Hildebrand. 

C. Claim 44 (and its dependent claims) are rejected as being unpatentable 
under 35 U.S.C. § 103(a) over Johnson in view of Hildebrand. 
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VII. ARGUMENT 

For purposes of this appeal, all claims will stand or fall with claim 24.2 

A. Claim 24 and Its Dependent Claims 

1. The Claimed Invention is Patentable Over the Prior Art 

The rejection relies on Johnson as disclosing claim 24's a.c. input, rectifier, 
and switchmode power supply {supra, page 3), as well as limitations in the 
dependent claims. "Applicant's prior art" is relied on as a concession that traffic 
signals retrofit with LEDs are in the prior art, along with certain limitations in 
other dependent claims. For purposes of this appeal, the applicant does not contest 
those aspects of the rejection. 

After asserting that the prior art includes those claim features, the examiner 

summarizes his reading of Hildebrand: 

Johnson in view of Applicant's Prior Art (APA) discloses the claimed 
invention . . . except for the use of a conflict monitor circuit used to 
help control leakage currents by providing high impedance if such 
conditions exist. 

Hildebrand discloses that it is known in the art to provide the use of 
conflict monitor circuit used to help control leakage currents by 
providing high impedance if such conditions exist. 

Office action mailed January 22, 2009, at 5. 

This appeal turns on whether Hildebrand would have suggested the claimed 
conflict monitor compatibility circuit to one of ordinary skill in the art. 

Initially, the examiner's explanation of Hildebrand's circuit betrays a lack of 
understanding of the respective circuits in Hildebrand and the appealed claims. The 



2. The applicant does not mean to imply that the other appealed claims, including the dependent 
claims, may not also be patentable in their own right. 
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examiner says that Hildebrand discloses and the applicant claims "a conflict 

monitor circuit used to help control leakage currents by providing high impedance 

such conditions exist." This is exactly backwards.^ Both the applicant's and 

Hildebrand's circuits shunt leakage currents through a low impedance load in the 

presence of leakage currents^ 

Claim 24' the transistor in the essentially conductive condition 

couples the low impedance load to the electrical input for 
shunting leakage current from the solid state traffic 
controller switch when the switch is off. 

Hildebrand: the djniamic load circuit achieves its desired purpose of 
insuring that the power supply presents a low impedance 
to the line power when the power is off, so that external 
alternating current switch leakage current cannot create 
appreciable voltages at the input terminals. Col. 6, lines 
60-65. 

But more importantly, how Hildebrand and the applicant handle leakage 
currents when the traffic controller switch is off is beside the point, because the 
focus here is what happens when the switch is on. That is how the applicant's 
claimed circuit differs, significantly, from Hildebrand's. 

The following limitations in claim 24 are the heart of this appeal: 

the transistor [in series connection with the low impedance load] being 
biased as a switch having an essentially nonconductive condition 
whenever the electrical input voltage is at or above the operating 
range lower limit voltage . . . , wherein: 

the transistor in the essentially nonconductive condition prevents 
dissipation of power from the power supply output through the low 
impedance load whenever the electrical input voltage is within the 
operating range .... 



3. The examiner also insists on calling the appUcanfs circuit a "conflict monitor circuit." The 
applicant claims a "conflict monitor compatibility circuit," which makes retrofit LED traffic 
signals compatible with conflict monitor circuits designed for other types of illumination devices. 
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Hildebrand's circuit falls short when the input voltage is within the operating 
range (as claimed, a voltage "sufficient to activate the LEDs"). The examiner 
equated Hildebrand's resistor R7 with the applicant's claimed *1ow impedance load." 
Office action mailed January 22, 2009, at 5-6. But rather than taking the resistor 
R7 out of the circuit by virtue of its series connection with a switch-biased 
transistor, Hildebrand's resistor R7 remains in the circuit and permits dissipation 
of significant power at operating input voltages. 

This property of Hildebrand's circuit is seen in Exhibit B to the Hochstein 
Declaration. The second plot in Hochstein Declaration Exhibit B shows that at the 
lower end of an LED's operating range (say, 85 volts), the Hildebrand circuit 
dissipates about 4 watts of power. The same plot shows the marked contrast 
provided by a conflict monitor compatibility circuit in accordance with the 
applicant's claim 24, which dissipates only about 0.2-0.3 watts at the same voltage. 
Claim 24 reflects this advantage by reciting that the claimed circuit "prevents 
dissipation of power from the power supply output through the low impedance load 
whenever the electrical input voltage is within the operating range." 

The amount of power dissipated by Hildebrand's dynamic load circuit makes 
it particularly unsuitable for use with LEDs. For example, even at a nominal LED 
operating voltage of 115-120 volts, Hildebrand's circuit consumes about 2.4 watts as 
compared to about 0.3 watts for the applicant's claimed circuit. Recent LED traffic 
signals are rated as low as 6 watts. Hochstein Declaration, para. 26 and Exhibit C. 
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Hildebrand's wasted 2.4 watts is a significant fraction of the entire amount of power 
needed to operate the LEDs. 

The claimed structure that achieves this advantage over Hildebrand is a 
transistor 'iDiased as a switch having an essentially nonconductive condition 
whenever the electrical input voltage is at or above the operating range lower limit 
voltage." In contrast, Hildebrand's MOSFET amplifier Q3, likened by the Examiner 
to the applicant's claimed transistor biased as a switch, office action mailed 
January 22, 2009, at 5-6, is conductive at and above the lower limit of a voltage 
operating range sufficient to activate LEDs. This is shown in the first plot in 
Hochstein Declaration Exhibit B, which compares the current through the 
applicant's claimed low impedance load to the current through Hildebrand's resistor 
R7. Hochstein Declaration, para. 25. That plot establishes that a circuit in 
accordance with Hildebrand's disclosure conducts about 53 milliamps at the lower 
limit of a typical LED operating voltage range, while the applicant's switch-biased 
transistor limits the wasted current to a virtual-zero three milliamps at the same 
voltage. 

Nor would one of ordinary skill in the art have had any reason at the time of 

the invention to substitute a switch-biased transistor having the claimed 

operational properties for Hildebrand's MOSFET amplifier Q3. Hildebrand's 

dynamic load circuit is used with luminescent tube lamp traffic signals. Hildebrand 

col. 1, lines 11-33, and col. 6, lines 66-68. The 2.4 watts dissipated through 

Hildebrand's resistor R7 is a small fraction of the power consumed by luminescent 

tubes, so there would have been no reason for one ordinarily skilled in the art to 
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seek a way to reduce what is a minimal amount of wasted power for a luminescent 
tube signal. Hochstein Declaration, para. 27. 

Accordingly, claim 24 is patentable and the rejection should be reversed. 

2, The Examiner Did Not Address Applicant's Claims or Evidence 

The applicant has had to take this appeal without having the benefit of the 
examiner's comments on how Hildebrand was applied to the actual claim language 
or why the examiner did not find the Hochstein Declaration persuasive. 

Claims very similar to those on appeal were presented in a Preliminary 
Amendment dated April 13, 2007 (following a request for continued examination 
dated January 16, 2007). The Hochstein Declaration accompanied the Preliminary 
Amendment. Those claims were rejected in an office action mailed July 16, 2007. 
The office action referred to the "claimed clamp circuit's Voltage sensing means'" 
and a "control load means," features that had been in original patent claim 6. The 
claims under examination had no "clamp circuit," no "voltage sensing means," and 
no "control load means." The office action also referred to language concerning 
canceled patent claim 6 in the court's opinion in Relume Corp. v. Dialight Corp. The 
office action did not mention the Hochstein Declaration. 

In an Amendment dated December 12, 2007, the applicant amended the 
claims to their present form. The Amendment also requested that the examiner 
treat the claim language actually presented and noted the differences between the 
reissue claims in this appeal and patent claim 6, which had been held invalid by the 
court (more about which later). 
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The result was allowance of the application (although still without mention of 

the Hochstein Declaration), with an examiner's statement of reasons for allowance^ 

None of the prior art alone or in combination discloses based on 
applicant's arguments in the response "a conflict monitor compatibility 
circuit achieves this advantage over Hildebrand (prior art) by using a 
transistor '"biased as a switch having an essentially nonconductive 
condition whenever the electrical input voltage is at or above the 
operating range lower limit voltage." Hildebrand's MOSFET Q3, 
likened by the Examiner to the applicant's transistor biased as a 
switch is conductive at and above the lower limit of a voltage 
operating range suf&cient to activate LEDs. 

Notice of Allowability, mailed February 11, 2008 (emphasis in original) 

After the applicant paid the issue fee, the PTO withdrew the application from 

issue. In an ensuing office action, mailed August 12, 2008, original patent claims 

7-23 were rejected (they had been allowed fairly early in the prosecution) over new 

prior art. The reissue claims, which have not been amended since their allowance, 

were rejected under reasoning nearly identical to that in the pre-allowance office 

action. (The examiner's comments on Hildebrand were taken verbatim from the 

previous office action.) As in the previous office action, the examiner referred to the 

"[nonexistent] claimed clamp circuit's [nonexistent] Voltage sensing means'" and a 

"[nonexistent] control load means," and again referred to language concerning 

patent claim 6 in Relume Corp. v. Dialight Corp. Still the examiner did not mention 

the Hochstein Declaration. Nor did he explain why he changed his position 

expressed in his statement of reasons for allowance. 

The applicant's Response to Office Action dated September 12, 2007, canceled 

patent claims 7-23. The applicant again requested that the examiner treat the 

actual claim language and discuss the Hochstein Declaration. The next office action, 
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which is the subject of this appeal, again referred to the "claimed clamp circuit's 

Voltage sensing means"' and the "control load means." There was no mention of the 

Hochstein Declaration. 

If the examiner had considered the Hochstein Declaration, he could not have 

repeatedly made the following erroneous statement regarding Hildebrand: 

Then finally, the [Hildebrand] circuit when the traffic light is off, 
thereby preventing leakage current and that it completelv removes 
this resistor (R7) from the circuit when the light is on . 

Office action mailed July 16, 2007, at 4, 6, and 8; office action mailed August 12, 

2008, at 13; office action mailed January 22, 2009, at 3, 6, and 7-8 (emphasis 

supplied), 

Hildebrand Fig. 4 shows that the MOSFET transistor Q3, unlike the claimed 
"transistor biased as a switch," is conductive at voltages within the operating range 
of an LED. In addition, the Hochstein Declaration reports tests conducted using the 
circuit disclosed in Hildebrand. Those tests bear out that at such voltages 
Hildebrand's resistor R7 remains very much in the circuit, drawing current and 
dissipating power. Hochstein Declaration, para, 26 and Exhibit B, 

From the court's opinion in Relume Corp. v. Dialight Corp., the examiner 
quotes the portion relating to the applicability of Hildebrand to claim 6 of original 
U.S. Patent 5,661,645. The claims now presented are very different from claim 6 of 
the original patent. It is self-evident that the findings of the court relative to 
canceled patent claim 6 are, at best, of limited probative value in determining the 
patentability of the reissue claims now under consideration. 
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The applicant now claims a conflict monitor compatibility circuit, rather than 
original claim 6's "adaptive clamp circuit means" with "voltage sensing means" and 
a "controlled load means." Among the features of the applicant's reissue claims 
missing from patent claim 6 are an "electrical input voltage having an operating 
range with a lower limit voltage sufficient to activate the LEDs," a "transistor . . . 
biased as a switch having an essentially nonconductive condition whenever the 
electrical input voltage is at or above the operating range lower limit voltage," and 
the operational characteristic wherein "the transistor in the essentially 
nonconductive condition prevents dissipation of power from the power supply output 
through the low impedance load whenever the electrical input voltage is within the 
operating range." At least these claim limitations distinguish the applicant's 
invention over Hildebrand, and none of them are discussed in the court's opinion. 

The examiner relies particularly on the court^s finding that "[w]hen the 
Hildebrand light is on, its dynamic load circuit removes the resistor (R7) [from the 
circuit]." Office action mailed January 22, 2009, at 6. This is true only so far as the 
resistor is removed when the applied voltage is 140 v.a.c. (See the far right end of 
the first plot of Exhibit B of the Hochstein Declaration, where the current through 
the resistor is almost as low as the level obtained by the applicant's claimed circuit.) 
However, as shown in this plot and discussed above, Hildebrand's resistor R7 is not 
removed from the circuit "whenever the electrical input voltage is at or above the 
operating range lower limit voltage [sufficient to activate an LED]." Thus, the 
court's opinion in fact has no bearing on the patentability of the present claims. 
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Finally, the court suggests that its conclusion concerning the invalidity of 
claim 6 might have been different if the claim had recited the reduced power 
dissipation achieved by the applicant's circuit. 63 F.Supp.2d at 825. In contrast, 
claim 24 does recite the prevention of power dissipation as a feature of the 
applicant's conflict monitor compatibility circuit. 

B. Claims 28 and 32 and Their Dependent Claims 

For purposes of this appeal, these claims will stand or fall with claim 24. 

C. Claim 44 and Its Dependent Claims 

For purposes of this appeal, these claims will stand or fall with claim 24. 



DAVID M. QUINLAN, P.C. 
32 Nassau Street 
Suite 300 

Princeton, NJ 08542 
Telephone: (609) 921-8660 
Facsimile: (609) 921-8651 
E-mail: david@quinlanpc,com 



Respectfully submitted. 




David M. Quinlan, Esq. 
Attorney for Applicant 
Registration No. 26.641 
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CLAIMS APPENDIX 

24. A power supply assembly for powering light emitting diodes (LEDs) in an 
outdoor line-connected signal, comprising: 

an electrical input for coupling to a source of a.c. line voltage through a solid 
state traffic controller switch for providing an electrical input voltage having an 
operating range with a lower limit voltage sufficient to activate the LEDs when the 
switch is on; 

a rectifier coupled to the electrical input and having a rectifier output; 

a line voltage regulating switchmode power supply having a power supply 
input coupled to the rectifier output and a power supply output; 

a plurality of LEDs coupled to the power supply output and having multiple 
current paths for emitting light in response to the power supply output; and 

a conflict monitor compatibility circuit including a low impedance load and a 
transistor in series connection with the low impedance load, the transistor being 
biased as a switch having an essentially nonconductive condition whenever the 
electrical input voltage is at or above the operating range lower limit voltage and an 
essentially conductive condition if the electrical input voltage drops to a 
predetermined value below the operating range lower limit voltage, wherein: 

the transistor in the essentially nonconductive condition prevents dissipation 
of power from the power supply output through the low impedance load whenever 
the electrical input voltage is within the operating range, and 
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the transistor in the essentially conductive condition couples the low 
impedance load to the electrical input for shunting leakage current from the solid 
state traffic controller switch when the switch is off. 

28. A power supply assembly for powering light emitting diodes (LEDs) in an 
outdoor line-connected signal, comprising: 

an electrical input for coupling to a source of a.c. line voltage through a solid 
state traffic controller switch for providing an electrical input voltage having an 
operating range with a lower limit voltage sufficient to activate the LEDs when the 
switch is on; 

a rectifier coupled to the electrical input and having a rectifier output; 

a switchmode power supply for maintaining current and voltage waveforms 
substantially in phase and for providing a regulated current output with respect to 
variations in the input line voltage, the power supply having a power supply input 
coupled to the rectifier output and a power supply output; 

a plurality of LEDs coupled to the power supply output and having multiple 
current paths for emitting light in response to the power supply output; and 

a conflict monitor compatibility circuit including a low impedance load and a 
transistor in series connection with the low impedance load, the transistor being 
biased as a switch having an essentially nonconductive condition whenever the 
electrical input voltage is at or above the operating range lower limit voltage and an 
essentially conductive condition if the electrical input voltage drops to a 
predetermined value below the operating range lower limit voltage, wherein: 
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the transistor in the essentially nonconductive condition prevents dissipation 
of power from the power supply output through the low impedance load whenever 
the electrical input voltage is within the operating range, and 

the transistor in the essentially conductive condition couples the low 
impedance load to the electrical input for shunting leakage current from the solid 
state traffic controller switch when the switch is off. 

32. A power supply assembly for powering light emitting diodes (LEDs) in an 
outdoor line-connected signal, comprising: 

an electrical input for coupling to a source of a.c. line voltage through a solid 
state traffic controller switch for providing an electrical input voltage having an 
operating range with a lower limit voltage sufficient to activate the LEDs when the 
switch is on; 

a rectifier coupled to the electrical input and having a rectifier output; 

a switchmode power supply for improving poor power factor, whereby the 
power supply provides essentially constant current at a power supply output with 
respect to variations in line voltage input, and whereby current and voltage 
waveforms are maintained substantially in phase, the power supply having a power 
supply input coupled to the rectifier output and a power supply output; 

a plurality of LEDs coupled to the power supply output and having multiple 
current paths for emitting light in response to the power supply output; and 

a conflict monitor compatibility circuit including a low impedance load and a 
transistor in series connection with the low impedance load, the transistor being 
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biased as a switch having an essentially nonconductive condition whenever the 
electrical input voltage is at or above the operating range lower limit voltage and an 
essentially conductive condition if the electrical input voltage drops to a 
predetermined value below the operating range lower limit voltage, wherein^ 

the transistor in the essentially nonconductive condition prevents dissipation 
of power from the power supply output through the low impedance load whenever 
the electrical input voltage is within the operating range, and 

the transistor in the essentially conductive condition couples the low 
impedance load to the electrical input for shunting leakage current from the solid 
state traffic controller switch when the switch is off. 

37. The assembly according to claim 24, 28 or 32 wherein the switchmode 
power supply comprises an integrated circuit power supply. 

38. The assembly of claim 37 wherein the integrated circuit power supply 
comprises a power factor correcting switchmode converter integrated circuit. 

41. The assembly according to claim 24, 28 or 32 wherein the plurality of 
LEDs comprise a plurality of series-parallel connected LEDs arranged in strings. 

42. The assembly according to claim 41 wherein the plurality of LEDs 
comprise a ballast resistor in each string. 

44. A conflict monitor compatibility circuit for use in traffic and pedestrian 
signaling applications, comprising: 
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a plurality of LEDs for emitting light in response to an electrical input 
adapted to be coupled to a source of a.c. line voltage through a solid state traffic 
controller switch for providing an electrical input voltage having an operating range 
with a lower limit voltage sufficient to activate the LEDs when the switch is on; 

a transistor biased as a switch that has an essentially nonconductive 
condition whenever the electrical input voltage is at or above the operating range 
lower limit voltage and an essentially conductive condition if the electrical input 
voltage drops to a predetermined value below the operating range lower limit 
voltage; and 

a low impedance load in series connection with the transistor, wherein: 

the transistor in the essentially nonconductive condition prevents dissipation 

of power through the low impedance load whenever the electrical input voltage is 

within the operating range, and 

the transistor in the essentially conductive condition couples the low 

impedance load to the electrical input for shunting leakage current from the solid 

state traffic controller switch when the switch is off. 

46. The assembly according to claim 24, 28, or 32, wherein the conflict 
monitor compatibility circuit further includes a sensor for providing a control output 
if the electrical input voltage drops below the predetermined value and a control 
element for switching the transistor to the essentially conductive condition in 
response to the control output. 
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47. The assembly according to claim 46, wherein the sensor is a Zener diode 
that conducts in a reverse direction only at voltages above the predetermined value. 

48. The assembly according to claim 47, wherein the control element is a 
second transistor biased as a switch and having a base coupled to the Zener diode. 

49. The assembly according to claim 24, 28, or 32, further comprising an 
electromagnetic interference filter coupled to the power supply for preventing 
conducted interference from feeding back onto the a.c. line. 

50. The assembly according to claim 24, 28, or 32, further comprising a 
traffic, pedestrian or rail crossing signal housing enclosing the assembly. 

51. The conflict monitor compatibility circuit according claim 44, further 
comprising a sensor for providing a control output if the electrical input voltage 
drops below the predetermined value and a control element for switching the 
transistor to the essentially conductive condition in response to the control output. 

52. The conflict monitor compatibility circuit according to claim 51, wherein 
the sensor is a Zener diode that conducts in a reverse direction only at voltages 
above the predetermined value. 

53. The conflict monitor compatibility circuit according to claim 52, wherein 
the control element is a second transistor biased as a switch and having a base 
coupled to the Zener diode. 
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[57] ABSTRACT 

An ^paratus (10) for supplying regulated voltage d.c 
electrical power to an LED array (12) includes a rectifier 
(32) responsive to a.c. power for generating rectified do. 
power and a power factor correcting and voltage regulating 
buck/boost switchmode converter (38). responsive to the 
rectified d.c. power for generating regulated voltage d.c. 
power to illuminate the LED array (12). A battery backup 
system (62) receives the a.c. power applied to the rectifier 
(32) for charging a rechargeable battery (66) and sensing an 
a.c. power failure. A switch-over relay (82) is connected 
between the battery backup system (62) and the rectifier. 
Upon sensing a failure of the a.c. power, the battery backup 
system (62) controls the switch-over relay (82) to connect 
the battery backup system (62) to the rectifier (32) to provide 
d.c. power to the switchmode converter (38) to illuminate 
the LED array (12). A half wave power detector (88) causes 
the apparatus (10) to reduce regulated d,c. power to dim the 
LED array (12). 

23 Claims, 6 Drawing Sheets 
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POWER SUPPLY FOR LIGHT EMITTING 
DIODE ARRAY 

BACKGROUND OF THE INVENTION 

The present invention relates generally to an apparatus for 
generating power to a light emitting diode array and^ in 
particular, to a power supply for operating light emitting 
diode airay traffic signals. 

Light emitting diode (LED) arrays are becoming more 
common in many applications as they are used to replace 
less efficient incandescent lamps. Stams annunciators, mes- 
sage boards, liquid crystal display back lights and traffic 
signals are common applications for LED arrays. In most of 
these uses, electrical power is obtained from a.c. mains ( 120 
v.a.c., 60 Hz) and some form of power supply converts the 
alternating line voltage to d.c., or pulsing d.c., for powering 
the plurality of LEDs. 

LEDs typically exhibit forward voltage drops on the order 
of L2 to 2.0 volts when driven at average currents of 20 to 
25 ma. For purposes of efficiency, the LEDs are usually 
connected in series so that a higher power supply voltage can 
be used to light an array of LEDs. 

In many applications where a relatively large number of 
LEDs are necessary to deliver substantial light output, 
several series strings of LEDs with a ballasting resistor in 
each string are normally connected in parallel As shown in 
the FIG. 1., this traditional circuit arrangement provides 
some redundancy from single point LED failure, as any 
"open" LED will only extinguish its own series string 
leaving the other strings active. Since this relatively simple 
circuit does not provide any regulation, i.e. the light output 
varies with -varying input voltage, it has been generally 
superseded by the regulated circuit shown in the FIG. 2. The 
regulated circuit employs a linear current regulator instead 
of individual ballasting resistors to maintain a given current 
through the LED strings. The highly dissipative nature of 
such linear regulators makes such use questionable in heat 
sensitive apparatus such as LED signals however. Heat 
generated by the regulator could exacerbate the deterioration 
of the thennally sensitive LEDs. 

A non dissipative, unregulated power supply for LED 
signals is shown in FIG. 3, and uses a series capacitor as. the 
cuirent limiting element. Such highly reactive power sup- 
plies exhibit very poor power factors however, and may be 
disallowed by power utilities. 

Several problems are associated with these prior art 
single circuit topologies. The input current wave forms are 
generally badly distorted and the power factor is poor. 
Reasons for the poor power factor and high distortion relate 
to the discontinuous conduction of the diodes in the circuit 
feeding large capacitors. This phenomenon is well 
understood, and plagues many small off line power supplies. 
Until recently these concerns were essentially disregarded 
by the electrical power industry because the impact to the 
power grid was relatively smalL Of course, as larger num- 
bers of these low power appliances are connected to the 
power grid, the effect is no longer inconsequential. In fact, 
many utilities are placing limits on permissible power factor 
and distortion behavior of electrical devices connected to 
their lines. 

LED traffic signals are being retrofitted in place of incan- 
descent lamps primarily because of the energy savings 
common to LED signals. For example, an 8 inch diameter 
incandescent signal might consume 67 watts and its LED 
equivalent 14 watts, or a 12 inch diameter incandescent 
signal would consume 150 watts while its LED replacement 
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would consume only 28 watts. The dramatic energy savings 
translate into greatly reduced operating cost, which is an 
important criterion, as electrical power is becoming more 
expensive. Also, in many parts of the country, electrical 

5 generating capacity is at its Umits, and new capacity cannot 
be added because of environmental concerns. This strong 
interest in LED signals as an important energy conservation 
resource is clouded however by the poor power factor 
performance of commercially available signals. 

10 Power factor (p.f.) is well understood in the electrical 
engineering community as the ratio of real power to real 
power plus readive power, or more conveniently, p,f.=cos 9 
where 8 is the angle in electrical degrees of the current- 
voltage phase offset That is, in many reactive loads powered 

15 by sinusoidal (alternating) current, the voltage and current 
may be out of phase. 

The apparent power that has to be delivered to a given 
load in volt-amperes (VA) is, therefore equal to the true 
power consumption of the device in Watts divided by the 
power factor. For example, an appliance with an internal 
power consumption of 100 Watts that exhibited a power 
factor of 0.4, would require 100/0.4 or 250 VA of energy 
from the power line and utility generator. Taken separately, 
the many small electrical appliances that are widely used 

^ have only a moderate effect on generating capacity. How- 
ever in aggregate, a large number of small devices can have 
a significant impact on the power grid. 

By means of example, a medium size city (Sah Francisco) 
may have some 2000 signalized intersections with a total of 
16,000 mixed 8 inch and 12 indi traffic signals. If the 
existing incandescent signals with an average power con- 
sumption of 100 watts are replaced with LED variants of 20 
watt rating, a significant power saving should result The 

22 1600 kilowatt (kW) load inqjosed by the incandescent 
signals should be reduced to 320 kw by the LED retrofit 
devices. However, if the LED signals exhibit an actual 
power factor of 0.3, the resulting load to the power grid is 
320 kW divided by 0.3 pi. or 1067 kW. The energy savings 

^ is then only 533 kW, which is the net mount of power that 
the utility can convert to other uses. Qearly then, the need 
for power factors close to unity is apparent Another factor 
that directly influences the amount of power (apparent VA) 
that needs to be delivered to a given load is the total 

^2 harmonic distortion of the current waveform supplying the 
device. TVue power factor is adversely affected by current or 
voltage distortion, and the significance of this influence is 
only now being widely accepted. There is shown in the FIG. 
4, a traditional power factor vector diagram (which is 
normally two dimensional) which has been expanded to a 
three dimensional form to indicate the influence of distortion 
on the apparent power vector; TTie total power required 
vector VA (apparent power) is determined by the combina- 
tion of the working power vector WATTS, the volt-amperes 

22 reactive vector VAR (non- working power) and the distortion 
volt-amperes vector DVA (non- working power). 

Harmonic distortion or deviation firom true sinusoidal 
wave forms not only gives rise to fiuther wasted energy, but 
increases the electromagnetic interference potential of the 

50 load. Radiated and conducted interference is a concern 
because of the interference potential with other services 
(radio coimnunications for example). 

Harmonic distortion is becoming more prevalent in power 
supplies as these devices are converted fi-om inefficient 

65 linear operation to far more efficient switchmode operation. 
A wide variety of circuit topologies are used in modern 
switching power supplies such as thyristor and triac phase 
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control, or bipolar or field effect transistor switches. A ing a.c. power applied to the rectifier input and having an 
consequence of these solid state approaches is inaeased output at which d,c. power is generated, and a switch-over 
haimonic distortion and poor power factor behavior. In order relay connected to the battery backup system ou^ut and to 
to mitigate these problems, several approaches to power the rectifier input, the battery backup system being respon- 
factor and distortion control have been developed that 5 give to a failure of a.c. power at the battery backup system 
operate with and use the efficiency of the switchmode power i^put for controlling the switch-over relay to connect fee 
supply itself. That is, instead of correcting for power factor battery backup system output to the rectifier input to provide 
in a separate functional device (that is connected between ^ ^ illuminate the LED array and being responsive 
the power supply and line), the power factor and distortion ^ ^ battery backup system input for con- 
correcting function is part of the switchmode power supply switch-over relay to disconnect the battery 
A number of manufacturers of integrated circuits (Unear ^^^^^ ^^^^ ^ 
Technology, Silicon General, Motorola and Unitrode for * ^ • *u r j 
example) offer monoUthic devices that perform the power Another object of the present mvention is the use ^ 
factoTand distortion control function. A Review of this art is P^^^^ 'f^^Y (instead of the ax. power line as a power 
presented in Power Supply Cookbook by Marty Brown, ,5 ^ ^^^^^^^ "P^^ P^^^ ^""^ 1^^^' 
1994, Butterworth-Heinemann. DESCRimON OF THE DRAWINGS 

SUMMARY OF THE INVENTION ^ ^ » t. ^ 

The above, as well as other- advantages of the present 

The present invention concerns an apparatus for supply- invention, will become readfiy apparent to those skiUed in 

ing regulated voltage dc. electrical power to an LED array. the art firom the foUov^ng detaHed description of a preferred 

The ^paratus mcludes a rertifier havmg an input and an embodiment when considered in the light of the accompa- 

output, the rectifier being responsive to a.c. power at the jjy|jjg drawings in which- 

input for generating rectified da power at the output a nC. 1 is a schematic diagram of a prior art unregulated 

power factor correction converter havmg an mput connected , ^ t i-t^ • 1 

to the rectifier output and an output the power factor P°^^ ^"PP^^ ^™ ^S*^** 

correction converter being responsive to the rectified dc, schematic diagram of a prior art linear current 

power at the power factor correction converter input for regulated power supply for LED signals; 

generating regulated voltage, dx. power at the power factor FIG. 3 is a sdiematic diagram of a prior art reactively 

correction converter output, and an LED array having an ballasted power supply for LED signals; 

input connected to the power factor correction converter FIG. 4 is a three dimensional vector diagram of the total 

ou^ut for receiving the dx. power to illuminate the LED power required to operate an LED array; 

array The power factor correction converter can be a power pjQ 5 ^3 ^ schematic diagram of a regulated voltage, 

factOT correcting and voltage regulating buckOxwst switch- switchmode power supply for LED signals in accordance 

mode converter. the present invention; 

A primary object of the present invention is to provide a 3^ ^ .3 ^ schematic block diagram of the adaptive 

power factor correctmg, (boost, buck^oost or buck) switch- clamp circuit shown in the HG. 5; 

mode converter to power a line operated LED signal. ~v ^, . , ... 

Anotiier object of tiie present invention is to use the . ^9' f ^ ? Tr?''/'^ 

inherent pulse modulating nature of a switchmode power "^^^^ ''^^^^ ^'^^ 

supply to provide voltage regulation to an LED array. ^ ^ schematic block diagram of a battery backup 

The apparams according to the present invention also system for LED signals according to the present invention, 
includes an adaptive clamp circuit connected to the rectifier ' 
input for eliminating leakage current problems. The adaptive 
clamp circuit has an input adapted to be connected to a pair 
of ax. power lines, a pair of damp circuit output lines 45 As noted above, the elementary power supplies that are 

connected to the adaptive clarr^ circuit input, a voltage currentiy used for powering LED array signals do not meet 

sensing means connected across the adaptive damp circuit current standards for efficiency, reliability and perfconance. 

input, and a controlled load means cormected across the The unregulated, resistively ballasted power supply shown 

clamp circuit output lines and to the voltage sensing means. in the FIG. 1 does not isolate the LEDs firbm line voltage 

The voltage sensing means is responsive to a magnitude of variations, and exhibits a poor power factor because of the 

a.c. voltage at the adaptive clamp circuit input lower than a rectifier and large capacitor. The commercially produced 

predetermined magnitude for turning on the controlled load current regulated LED power supply, which is shown in the 

means to connect a low impedance load in the controlled FIG. 2, does provide much better LED light intensity 

load means across the damp circuit output lines and the regulation with input voltage variation. However, the use of 
voltage sensing means is responsive to a magnitude of the 55 a linear, dissipative (heat producing) regulator presents 

ac. voltage at the adaptive damp circuit input equal to or problems. LEDs are thermally sensitive devices which 

greater than the predetermined magnitude for turning off the degrade quickly at elevated temperatures. Since most power 

controlled load means to disconnect the low impedance load supplies for LED signals arc part of, or are attached to the 

from the clamp circuit output lines. LED array, heat rise from the linear regulator can be 

It is also an objective of the present invention to eliminate deleterious. Furthermore, the traditional rectifier-capadtor 

leakage current problems by providing an adaptive clamp circuit does not produce a satisfactory power factor, 

circuit The use of capacitors as non-dissipative current limiters in 

Anotiier feature of the present invention is to provide an a.c. circuits is well established, and is shown in the FIG. 3 

adaptive line loading means or damp that switches itself in as anotiier example of a commercially available LED array 
or out of die circuit as needed. 65 signal power supply. Current and voltage wave forms are 

The apparatus according to the present invention further essentially out of phase in this type of circuit so that heat is 

includes a battery backup system having an input for receiv- not generated in the current limiting c^adtor (15 jiF). 
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However, the power factor and distortion performance of 
this type of circuit is very poor (P.F.s=0.3). 

There is shown in the FIG. 5» a regulated voltage, switch- 
mode power supply 10 according to the present invention 
connected to an LED array 12. The LED array 12 includes 
a plurality of strings of series connected LEDs 14 with a 
ballasting resistor 16 (Rl, R2, R3, R4, R5, . . . ) connected 
in each string. The strings are connected in parallel between 
a first input line 18 and a second input line 20 of the LED 
array 12. 

The power supply 10 has a pair of power input lines 22 for 
connection to a source (not shown) of a.c. power such as 
main power lines at a nominal 120 volts a.c. An input of an 
adaptive clamp circuit 24 can be connected to the lines 22 as 
an option. A problem peculiar to signals that are switched by 
means of solid state relays is the leakage current that can 
flow through the load when the solid state switch or relay is 
"OFF". This phenomenon is common to triac and thyiistor 
switches that are commonly employed in traffic signal 
controllers. While not apparent when incandescent signals 
are employed (because they are low impedance loads), the 
problems surface when relatively low power loads (such as 
LEDs) are connected to these same controllers. Typically, 
other safety devices used in traffic signal controllers such as 
conffict monitors must be 'tricked" to reduce this leakage 
current. Commonly, a large capacitor is placed across the 
a,c. input leads to the LED load, in order to absorb the 
leakage current reactively. Of course, such provisions only 
aggravate the power factor problems. 

An ou^ut of the adaptive clamp circuit 24 is connected by 
a pair of clamp circuit output lines 26 to an input of an 
electromagnetic interference (E.M.L) filter 28. The E.MX 
filter 28 keeps conducted interference from feeding back 
into the power lines where it might cause problems to otiier 
circuitry on the line. An output of the filter 28 is connected 
by a pair of filter output lines 30 to an input of a rectifier 
means 32 which converts the incoming a.c. power to a 
pulsing d.c. power generated on a positive polarity rectifier 
output line 34 and a negative polarity rectifier output line 36. 
Although the rectifier means is shown as a full wave diode 
bridge rectifier, any type of rectifier can be used. The lines 
34 and 36 are connected to an input of a power factor 
correction, buck/boost converter 38. The converter 38 
includes a power factor correction (RF.C.) integrated circuit 
(I.e.) controller 40, which is a commercial device available 
fi-om many sources and functions by allowing current to 
charge a storage capacitor C (LARGE) only in phase with 
the rectified ax. voltage thereby assuring a power factor 
close to unity. The control LC. 40 also provides voltage 
regulation in the switchmode buck/boost converter by moni- 
toring the output voltage and adjusting the high frequency 
on-off switching period of the pass element commensu- 
rately. Although a buck/boost converter is diagrammed, 
buck or boost topologies are also possible. Voltage output 
and cuirent-mode control techniques are the primary differ- 
ences in the various geometries, but these details are inci- 
dental to the functionality of the drcuiL 

A positive polarity output of the converter 38 is connected 
by a positive polarity converter output line 42 to the first 
input line 18 of the LED array 12. A negative polarity ou^ut 
of the converter 38 is connected by a negative polarity 
converter output line 44 to the second input, line 20 of the 
LED array 12 through an optional pulse width modulated 
(P.W.M.) modulator 46. 

The output voltage from the RF.C switch mode converter 
38 is either fed directly to the LED array 12. or alternatively 
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through the RW.M. modulator 46. Such pulse modulation 
has been shown to be advantageous in certain LED signal 
applications. The functions of the switchmode RFC. con- 
verter 38 as the offline power supply are the same irrespec- 
5 tive of the load. Tlie obvious advantage of using a switching, 
voltage regulated power supply is effidency. Line isolation, 
which is generally not provided by this transfoimeriess 
design, is generally unnecessary for insulated LED signals, 
but a high frequency transformer could be incorporated. The 
intrinsic power factor correction provided by using the 
switchmode converter 38 in conjunction with the RF.C 
integrated circuit controller 40 is not only cost effective, but 
allows d.c. backup power to be used in case of line failure, 
A primary aspect of the present invention is the use of a 
15 power factor correcting, (boost, buck/boost or buck) switch- 
mode converter to power a line operated LED array signal 
12. Anodier function of the present invention is to use tfie 
inherent pulse modulating nature of the switchmode power 
supply to provide voltage regulation to the LED array signal 
20 12. Instead of using dissipative (heat producing) linear 
regulators for either voltage or current (to accommodate line 
voltage variations), the power factor and distortion control- 
ling switdimode power supply 10 is used as an efficient 
voltage regulator. That is, the LED array 12, consisting of a 
25 large number of series-parallel connected LED devices 14, 
can be kept at essentially constant luminosity over a sub- 
stantial range of input voltages. In actual practice, the output 
of such LED array signals has been kept within ±10% of 
nominal value over a power line variation of 85 volts to 140 
30 volts (for a nominal 120 v.a.c. line). 

Jt is also an objective of the present invention to eliminate 
leakage current problems by providing the adaptive clanq) 
circuit 24 which is shown in more detail in the FIGS. 6a and 
6b, The power input lines 22 are connected directly through 
35 the adaptive damp droiit 24 to the clan^ circuit output 
lines 26. The adaptive damp circuit 24 monitors the input 
voltage feeding the LED array 12 on the input lines 22 with 
a voltage sensing means 48 connected across the lines 22 
and loads the input lines resistivdy with a low impedance 
40 controlled load means 50, connected across the output lines 
26, whenever the line voltage is below some critical amount 
(typically 40 volts a.c. rjn.s.). The adaptive clamp circuit 24 
assumes that voltages lower than a certain value (typically 
40 volts) are due to leakage currents through the solid state 
45 control relay or switch. The adaptive damp circuit 24 loads 
the lines with a resistor to draw current, forcing the leakage 
voltage to a lower voltage (typically on the order of 10 volts 
a.c.) that wHl not cause problems for the conffict monitor or 
power factor correction (p.f.c.) circuit Most trafSc signals 
50 must be capable of being flashed (at least the red and yellow 
signals) from the traffic controller electronics. It has been 
found experimentally that residual leakage currents interfere 
witii the ability to flash signals that are equipped with power 
factor correction circuits. The adaptive damp circuit 24 
55 prevents this problem by allowing the p.f.c. circuit to 
conq>letely discharge between power line pulses which flash 
the signal at a nominal sixty flashes per minute. In summary, 
the adaptive damp circuit 24 performs two functions by 
reducing the leakage voltage: 1) it provides a reactance free 
60 means to eliminate problems with conflict monitors (while 
preventing poor power factors); and 2) it allows the pi.c 
circuit to properly flash the LED array signal 12. 

The adaptive damp circuit 24 is shown in more detail in 
the FIG. 6b wherein a first pair of diodes D3 and D4 has 
65 anodes connected to the Unes 22 and cathodes connected 
together. A second pair of diodes Dl and D2 has cathodes 
connected to the lines 26 and anodes connected together. A 
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first resistor (Rl) 52 is connected between the junction of the circuit thereby preventing unnecessary dissipation of power, 
second pair of diodes Dl and D2 and an anode of a Zeno* Since there are no reactances involved, this circuit does not 

diode DS. The Zener diode D5 has a cathode connected to influence the power factor reflected at the a.c, input lines 22, 

the junction of the first pair of diodes D3 and D4. A second Another aspect of the present invention is the use of a d.c 
resistor (R2) 54 is connected between the anode of the Zener 5 input (instead of the a.c. power line) as a power backup 

■ diode DS and a base of a first NPN transistor Ql. The feature that is activated upon power line loss. Conventional 

transistor Ql has an emitter connected to the junction of the practice employs battery driven a.c. inverters to generate the 
second pair of diodes Dl and D2 and a collector connected baclcup power upon line failure. Such inverters are 

through a third resistor (R3) 56 to the junction of the first expensive, inefadent and are failure prone. The use of 

pair of diodes D3 and D4. A fourth resistor (R4) 58 is battery power (d,c.) to directly energize the regulated 

connected between the collector of the transistor Ql and a switchmode power supply that powers the LED array signal 

base of a second NPN transistor Q2. The transistor Q2 has {$ very cost effective and energy efBdent The wide input 
an emitter connected to the junction of the second pair of voltage range of most switchmode power supplies allows the 

diodes Dl and D2 and a collector connected through a fifth batteries to be used optimally as they can be virtually fully 

resistor (R5) 60 to the junction of the first pair of diodes D3 ^ ^ discharged in the power backup cycle yielding very good use 

of battery cj^acity. Lower cost, smaller batteries are thcre- 

The optional adaptive clamping circuit 24 is advanta- fore useable, 

geously placed aaoss the input terminals of the p.f.c., As noted previously, the use of a direct line operated, 

switchmode power supply 10 as shown in the FIG. 5. As non-transformer isolated converter to power the LED array 

noted above, as a consequence of using solid state relays or 20 signal allows d,c. power to be used (instead of a.c.) in case 

switches in signal controllers, the power to the signals is not of line failure. Using batteries without having to rdy on an 

fully disconnected (even when the signal should be off). This inverter to perform the d.c. to a.c, conversion is novel, 

leakage current often causes problems with safety devices extremely reliable, and cost effective. The importance of 

such as electronic conflict monitors. Additionally, these battery backup for critical traffic signals is obvious, and the 

leakage currents may present problems during flashing 25 need for reliability is also apparent. As shown in the FIG. 7, 

operation of LED signals, as the power supply circuits may a battery backup system 62 includes a temperature 

not be fuUy discharged between flashes. Switchmode, p.f.c. conipensated, line powered automatic battery charger 64 

power suppliers of the type proposed for the present inven- having an input connected to the lines 22 and an output 

tion are particularly sensitive to such leakage currents and connected to an input of a rechargeable battery 66 to keep 

will be inhibited from flashing LEDs at an acceptable rate 3Q the battery fuUy charged at all times that a.a power is 

(55 to 60 flashes per minute). available. Temperature compensation can be used to stop the 

In current practice, these leakage currents are minimized charging process to extend the life of the battery, as it is well 

by "short circuiting" them by means of a reactive, non known that the optimal end point charging voltage for most 

dissipative dement The input capadtor (typically 1-2 pF), secondary cells is a function of teii^)erature. 

as shown in the FIG. 3 for example, performs this function. 35 Because of the critical safety nature of these devices, an 

However this same capadtor is across the line when the automatic battery testing circuit and load 68 is built into tiie 

LED array signal is energized, drawing reactive power and battery backup system 62. Deterioration of tiie battery 66, 

contributing to a poor power factor., which is inevitable over time, is thereby monitored and 

Another feature of the present invention is to provide for degradation past a certain point is flagged or announced. The 

an adaptive line loading means or dan^ that switches itself 40 testing circuit 68 has an input connected to an output of the 

in or out of circuit as needed. As shown in the FIG. 6b, the battery 66 for sensing battery voltage. An alarm signal line 

adaptive damp circuit 24 monitors the line voltage, and 70 is connected to an output of the circuit 68 for generating 

when only leakage currents are present that drop the line the alarm signal and a set flag signal line 72 is connected to 

voltage to about 40 v.a.c., the circuit applies a resistive load another output of the circuit 68 for generating Uie set flag 

60 across the lines 22 by turning on the solid-state switch 45 signal. A. control line 74 is connected between an output of 

Q2. When the lines 22 are loaded by the fifth resistor 60, the circuit 68 and an input of the battery 66. Secondary 

having a suitable value (typically 1 kOhm), the leakage batteries that are kept in float service for any length of time 

voltage will drop to under 10 volts. At this depressed tend to degrade and loose capadty. This deterioration is far 

voltage, the p.f.c. switchmode converter is fully off, and can more apparent in high temperature environments, and can 

jffcperly flash the LEDs 14 at the requisite rate. 50 adversely affect the safety margin<! of the backup power 

This adaptive clamp 24 can of course be used with other supply. That is, instead of providing 8 to 10 hours of flashing 

types of power supplies where the addition of reactive red LED array signal backup service, a degraded battery 

elements could degrade the power factor. The damping might only last a few hours. Determining the actual condi- 

circuit 24 works by using the sensing transistor Ql and the tion or serviceability of a storage battery is difficult, because 

Zener diode D5 (the voltage sensing means 48 of the FIG. 55 a measurement of terminal voltage does not necessarily 

6a) to determine if the line voltage is below a certain indicate loss of capadty. It has been experimentally deter- 

magnitude (typically 40 volts). The sensing transistor Ql mined that a good measure of battery capadty can be made 

and the Zener diode D5 are the voltage sensing means 48 of by loading the battery with a substantial current (typically 

the FIG. 6a. If the Zener diode D5 does not conduct, the 5-10 amperes) for several minutes and measuring the ter- 

transistor Q2 is turned on to place the load resistor 60 the 60 minal voltage under load. Naturally the battery charger is 

power lines 22 causing the leakage voltage to drop below 10 inhibited during this test This method is weU recognized as 

volts. The transistor Q2 and the resistor 60 are the controlled a good diagnostic test as it depletes any "surface charge" on 

load means 50 of the HG. 6a. Whenever the trafSc signal the electrodes and more accurately indicates remaining 

controller relay "closes", the line voltage appearing at the battery ampere-hours. 

input to the adaptive clamping circuit 24 rises to nominally 65 A voltage comparator circuit in the battery testing circuit 

120 volts and the sensing circuit (Ql and D5) turn off the and load 68 establishes an "accept" or '^reject" level for the 

controlling transistor Q2, removing the resistor 60 from the battery 66 as it is tested every 24 hours or so. In order to 
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accommodate partly discharged cells* two sequential, bat- 
tery tests that result in a **reject" are registered in a latch 
which may trigger a visual or audible alarm signal on the 
line 70. Alternatively, a relay or contact closure (flag) may 
be set to generate a signal on the line 72 so that a data 
modem can relay the degraded battery information to a 
central service facility. Of course, such calls or alarm signals 
are triggered well before the battery is no longer serviceable 
so that safety is not coii^irised. 

A line failure detection circuit 76 has an input connected 
to the power lines 22 and anotfier input connected to an 
ou^ut of the battery 66 to receive operating power from the 
battery. The circuit 76 initiates the power switch-over pro- 
cess whenever a.c. input power is disconnected. An output 
of the line failure detection circuit 76 is connected to an 
input of a time delay and restoration circuit 78 which has 
another input connected to an output of the battery 66 to 
■receive operating power from the battery. The time delay 
function ensures that short transient line dropouts are dis- 
regarded. An output of the time delay and restoration circuit 
78 is connected to an input of a d.c. power switch-over and 
flasher circuit 80 which has another input connected to an 
ou^ut of the battery 66 to receive operating power from the 
battery. Outputs of the circuit 80 are connected to a first set 
of input terminals of a switch-over relay 82. The relay has 
a second set of terminals connected to red signal outputs of 
a traf&c controller 84 having an input connected to the power 
lines 22. Output terminals of the switch-over relay 82 are 
connected to the input of the switchmode converter power 
supply 10 which is connected to the red LED array signal 12. 
Nornially, the switch-over relay 82 is in the position shown 
to connect a.c. power on the lines 22 through the traffic 
controller 84 to the power supply 10. 

Generally, line loss in excess of 250 msec will cause the 
dc. power switch-over relay 82 to switch the output termi- 
nals to disconnect the power siQ>ply 10 and the red LED 
array signal 10 from the traffic controller 84 (and the a.c. 
feed) and connect them to the d.c. battery 66 through the dc. 
power switch-over and flasher circuit 80. Note that the dc 
supply is flashed or pulsed by the circuit 80 at a nominal rate 
of 60 pulses per minute ( 1 Hz) to place all the red LED aiiay 
signals at an intersection in a flashing mode, effecting a four 
way stop. While an electromechanical switch-over relay 82 
is shown for complete isolation of the existing traf&c con- 
troller 84 and the battery backup system 62, solid state 
devices could be used. 

Whenever the line power is restored, the time delay and 
restoration circuit 78 will wait some period (typically 10-15 
seconds) before the LED array signal 12 is switched back to 
the a.c. power mode. This delay avoids the many transients 
that usually accompany a.c, line restoration after a power 
outage. Note that no inverter is employed in this system, as 
is common practice in existing commercial hardware*. The 
inefficiency and poor reliability of d.c to a,c converters is 
thereby avoided. Because the switchmode power supply 10 
can accommodate wide variations in input voltage (both a.c 
and dc) the storage battery 66 can be discharged virtually 
completely while maintaining essentially constant luminos- 
ity of the LED array signal 12. 

Additionally, as shown in the FIG. 7, there are provisions 
for the introduction of narrow '^marker pulses" superim- 
posed on the dc. supply for use as synchronizing pulses. An 
optional synchronizing pulse generator 86 has an ou^ut 
connected to an input of the dc power switch-over and 
flasher circuit 80 for generating such pulses. This optional 
feature permits a number of LED array signals that are pulse 
modulated to operate in sync in the absence of the 60 Hz a.c 
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line signal. These '*marker pulses" are essentially short (200 
psec) power dropouts that do not affect the operation of the 
LED array signal 12, but are easily extracted at the signal to 
effect pulse synchronization of several pulsed LED array 
5 signals. 

As noted above, the lack of input transformers or series 
capacitors before the full wave bridge, allows dc power to 
be applied at the input terminals of the power supply 10 in 
lieu of a.c power. Since there are no reactive (a.c) compo- 
^0 nents in the input circuitry, proper operation of the switdi- 
mode converter is maintained, and output voltage regulation 
is still available. Obviously, the pi.c. portion of the circuit 
10 wiE be nonftmctional during operation on dc input 
power. As shown, the switchmode converter will provide an 
15 essentially constant output voltage (nom. 100 volts d.c.) to 
the LED array 12 over a range of a.c. input voltages from 85 
volts rjn.s. to 140 volts rjn.s. and over a dc iI^)ut voltage 
range of 38 volts dc. to 65 volts dc The wide (input 
voltage) operating range allows rechargeable batteries to be 
20 used very efficiently, since their capacity can be fidly 
utilized in the discharge cycle, as their terminal voltage 
drops. 

As discussed above, LED signals are being used to 
replace incandescent lamps in many applications. TVaffic 
^ signals are among the more common devices that are being 
upgraded for with LEDs because of the tremendous power 
savings and the dramatic improvement in service life. In 
most cases the incandescent lan^s are merely replaced with 
an integral LED retrofit assembly that does not require any 
modification of the existing traffic signal housing or the 
drive and control circuitry associated with the signal. That is, 
users expect the LED retrofit lamps to operate normally 
without added modifications to the housing or traffic con- 
troller. 

35 

One aspect of this conversion to LED signals from 
incandescent lamps poses significant problems however. 
Many existing incandescent lamp traffic signals are dimmed 
at night to reduce glare and, of course, power consumption. 
^ LED signals can be dimmed by reducing the average current 
through the LED array. A problem arises however because 
existing traffic signal controllers dim incandescent signals 
by providing half-wave rectified a.c. to the devices. Nor- 
mally the traffic lamps are powered by switched a.c line 
power which has, in virtually all cases, a sinusoidal wave 
form. Simply rectifying this power allows the traffic signal 
controller to reduce the average voltage and current to the 
load in a loss free manner. This technique has been in 
conomon use for many years and has become the "defacto" 
standard dimming technique. 

Most LED traffic signals do not work satisfactorily with 
half wave rectified a.c; in fact, many simply do not light 
Some LED lamp arrays which are equipped with regulated 
power supplies will illuminate satisfactorily when powered 
55 by half wave rectified a.c current, but they do not dim. The 
regulated power supplies accept the half wave rectified a,c. 
line power and treat it merely as a low line voltage and 
correct for this phenomenon. The voltage inq)ressed across 
the LED array is kept relatively constant in spite of such 
60 input voltage variations thereby keeping the LED luminous 
output essentially unchanged, Le. undtmmed 

Certain switchmode, regulating power supplies are able to 
power LED signals satisfactorily from even half wave 
rectified a.c power supplies. A half wave detector circuit in 
65 the LED signal power supply can determine whether the 
traffic signal controller is sending a **dimming" command 
Upon detection of this half wave signal, the switchmode 
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power supply can be progranuned or adjusted to reduce its 
ouq)ut voltage to the UED array. By adjusting eitiier the 
pulse width or the frequency (at constant pulse width) of the 
switchmode power supply, the output voltage (and/or 
current) can be reduced in an efficient, nondissipative man- 
ner. 

Alternatively, the half wave detector can be used to 
change the average current through the LED array by 
reducing the effective pulse width of a pulse width modu- 
lation controller that drives the LEDs. In either method, the 
average LED current and intensity are reduced in response 
to the detection of a half wave rectified input current. In this 
way, the LED signal is '^transparent" to the user who may 
now utilize the LED device in the same manner as conven- 
tional incandescent signals. 

As shown in the HG. 5, a half wave power drfector circuit 
88 has iDputs connected to the inputs of the full wave 
rectifier 32 at the clamp circuit output lines 26 to monitor the 
input a.c. power on the power input lines 22 to the power 
supply 10, The detector 88 has an output connected to a 
control signal line 90 which is connected to an input of the 
control LC. 40. The detector 88 generates a control signal on 
the line 90 in response to the detection of a half wave 
dimming signal on the a.c. power lines 22. The control signal 
is directed to the power supply regulator circuit 38, where it 
causes the output voltage of the switchmode power supply 
10 to be reduced in response to the dimming command. For 
current regulated power supplies, the average output current 
to the LED arrays can be reduced to effect dimming. In cases 
where the LED aiiay is powered by a pulse width modulator, 
such as the modulator 46, the connection of the line 90 to the 
control LC. 40 is eliminated and the output of the detector 
88 is connected by a control signal line 92 to an input of the 
modulator 46 such that the average current delivered to the 
LED array may be reduced by decreasing the pulse width of 
the modiflator. 

All such dimming methods have one key feature in 
common; the average current through the LED signal 12 is 
decreased in response to the detection of a half wave 
dimming signal impressed on the power supply input lines 
22. The detection of half wave power by the detector 88 
causes the LED power supply 10 to either adjust the ou^ut 
pulse width at constant frequency or adjust the frequency at 
constant pulse width. The power supply 10 can be any type 
of power supply which converts a.c. power to d.c. power 
suitable for illuminating the LED array 12. 

The present invention is an apparatus 10 for supplying 
regulated voltage d.c. electrical power to an LED array 
including a rectifier means 32 having an input and an output, 
the rectifier means 32 being responsive to a.c. power at the 
input for generating rectified dc. power at the output, a 
power factor correction converter means 38 having an input 
connected to the rectifier means 32 output and an output, the 
power factor correction converter means 38 being respon- 
sive to the rectified d.c. power at the power factor correction 
converter means input for generating regulated voltage, 
power factor corrected d.c. power at the power factor 
correction converter means output, and an LED array 12 
having an input connected to the power factor correction 
converter means 38 output for receiving the power factor 
corrected d,c. power to iliuminate the LED array 12. The 
power factor correction converter means 38 can be a power 
factor correcting and voltage regulating buck/boost switch- 
mode converter. 

The apparatus 10 includes a pulse width modulated modu- 
lator means 46 connected to the power factor correction 
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converter means 38 output and the LED array 12 input for 
modulating the power factor corrected d.c. power and an 
electromagnetic interference filter means 28 connected to 
the full wave rectifier means 32 input for preventing con- 
5 ducted interference from feeding back onto a.c. power lines 
22 connected to the rectifier means 32 input The apparatus 
10 also includes an adaptive clamp circuit means 24 con- 
nected to the rectifier means 32 input for eliminating leakage 
cuirent problems. The adaptive clanq). circuit means 24 has 

iQ an input adapted to be connected to a pair of a.c. power lines 
22, a pair of damp circuit output lines 26 connected to the 
adaptive clamp circuit means 24 input a voltage sensing 
means 48 connected across the adaptive clamp circuit means 
24 input, and a controlled load means 50 connected across 

15 the damp circuit output Hnes 26 and to the voltage sensing 
means 48. Tlie voltage sensing means 48 is responsive to a 
magnitude of a.c, voltage at the adaptive dan^ circuit 
means 24 input lower than a predetermined magnitude for 
turning on the conttolled load means 50 to connect a low 

20 impedance load 60 in the controlled load means 50 across 
the damp circuit output lines 26 and the voltage sensing 
means 48 is responsive to a magnitude of the a.c. voltage at 
the ad^tive clamp circuit means 24 input equal to or greater 
than the predetermined magnitude for turning off the con- 

25 trolled load means 50 to disconnect the low impedance load 
60 from the damp circuit output Hnes 26. 

The apparatus 10 further includes a battery backup means 
62 having an input for receiving ac. power applied to the 
rectifier means 32 input and having an output at which dc 

30 power is generated, and a switch-over means 82 connected 
to the battery backup means 62 output and to the rectifier 
means 32 input the battery backup means 62 being respon- 
sive to a failure of a.c. power at the battery backup means 62 
input for controlling the switch-over means 82 to connect 

35 the battery backup means 62 output to the rectifier means 32 
input to provide dc. power to illuminate the LED array 12 
and being responsive to a.c. power at the battery backup 
means 62 input for controlling the switch-over means 82 to 
disconnect the battery backup means 62 ou^ut from the 

40 rectifier means 32 input The switch-over means 82 can be 
an electromedianical rday. The battery backup means 62 
includes a time delay and restoration means 78 responsive to 
application of a.c. power at the battery backup means 62 
input for controlling the switch-over means 82 to disconnect 

45 the battery backup means 62 output from the rectifier means 
32 input and connect the a.c. power to the rectifier means 32 
input after a predetermined time delay. The battery backup 
means 62 also indudes a da power switch-over and flasher 
means 80 connected to the switch-over means 82 for pulsing 

50 the dc. power at a predetermined rate to flash the LED array 
12 and a synchronizing pulse generator means 86 connected 
to the dc. power switch-over and flasher means 80 for 
imposing marker pulses on the dc. power at a predetermined 
rate. 

55 The apparatus 10 also indudes a half wave power detector 
means 88 haviog ah input connected to the iaput of the 
rectifier means 32 and an output connected to another input 
of the power factor correction converter means 38, the half 
wave power detector means bdng responsive to a dimming 

60 signal at the rectifier means input for generating a control 
signal at said half wave power detector means output and the 
power factor correction converter means 38 being respon- 
sive to the control signal for decreasing the regulated dc. 
power to dim the LED array 12. If the apparatus 10 includes 

65 the pulse width modulated modulator means 46 connected to 
the power factor cciTection converter means 38 output and 
the LED array 12 input for modulating the regulated voltage 
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<Lc, power, the half wave power detector means 88 has its 
output connected to an input of the pulse width modulated 
modulator means 46 and is responsive to a dimming signal 
at the rectifier means input for generating a control signal at 
the half wave power detector means output and the pulse 
width modulated modulator means 46 is responsive to the 
control signal for decreasing the regulated d.c. power to dim 
the LED array 12. 

In accordance with the provisions of the patent statutes, 
the present invention has been described in what is consid- 
ered to represent its preferred embodiment. However, it 
should be noted that the invention can be practiced other- 
wise than as specifically illustrated and described without 
departing from its spirit or scope. 

What is claimed is: 

1. An apparatus for supplying regulated voltage d.a 
electrical power to an LED array comprising: 

a rectifier means (32) having an input and an output, said 
rectifier means (32) being responsive to a.c. power at 
said input for generating rectified d,c. power at said 
output; 

a power factor correction converter means (38) having an 
input connected to said output of said rectifier means 
(32) and an output, said power factor correction con- 
verter means (38) being responsive to said rectified d,c. 
power at said power factor correction converter means 
input for generating regulated voltage d.c. power at said 
power factor ccHxection converter means output; and 

an LED array (12) having an input connected to said 
output of said power factor correction converter means 
(38) for receiving said regulated voltage dc. power to 
illuminate said LED array (12). 

2. The apparatus according to claim 1 wherein said power 
factor conection converter means (38) is a power factor 
correcting and voltage regulating buck/boost switchmode 
converter. 

3. The apparatus according to claim 1 including a pulse 
width modulated modulator means (46) connected to said 
output of said power factor correction converter means (38) 
and to said input of said LED array (12) for modulating said 
regulated voltage d.c. power. 

4. The apparatus according to claim 1 including an 
electromagnetic interference filter means (28) connected to 
said input of said rectifier means (32) for preventing con- 
ducted interference from feeding back onto a.c. power lines 
(22) connected to said rectifier means input. 

5. The apparatus according to claim 1 including an 
adaptive clamp circuit means (24) connected to said input of 
said rectifier means (32) for eliminating leakage current 
problems. 

6. The apparatus according to claim 5 wherein said 
adaptive damp circuit means (24) has an input ad^ted to be 
connected to a pair of a.c. power lines (22), a pair of damp 
circuit output lines (26) connected to said adaptive clamp 
circuit means input, a voltage sensing means (48) connected 
across said input of said adaptive damp circuit means (24), 
and a controlled load means (50) connected across said 
damp circuit output Lines (26) and to said voltage sensing 
means (48), said voltage sensing means (48) being respon- 
sive to a noagnitude of a.c. voltage at said adaptive clamp 
circuit means input lower than a predetermined magnitude 
for turning on said controlled load means (50) to connect a 
low impedance load (60) in said controlled load means (50) 
across said clamp circuit output lines (26) and said voltage 
sensing means (48) being responsive to a magnitude of the 
a.c. voltage at said adaptive clamp circuit means input equal 
to or greater than said predetermined magnitude for turning 
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off said controlled load means (50) to disconnect said low 
impedance load (60) from said cimxp circuit output lines 
(26). 

7. The apparatus according to claim 1 induding a battery 
5 backup means (62) having an input for receiving ax. power 

applied to said input of said rectifier means (32) and having 
an output at which dc. power is generated, and a switch- 
over means (82) connected to said output of said battery 
backup means (62) and to said rectifier means input, said 

10 battery backup means (62) being responsive to a failure of 
a.c. power at said battery backup means input for controlling 
said switch-over means (82) to connect said output of said 
battery backup means (62) to said input of said rectifier 
means (32) to provide dc. power to illuminate said LED 

15 array (12) and being responsive to a.c. power at said battery 
backup means input for controlling said switch-over means 
(82) to disconnect said battery backup means output from 
said rectifier means input 

8. The qjparatus according to claim 7 wherein said 
20 switch-over means (82) is an dectromechanical relay. 

9. The apparatus according to daim 7 wherein said battery 
backup means (62) includes a time delay and restoration 
means (78) responsive to application of a.c. power at said 
input of said battery backup means (62) for controlling said 

25 switch-over means (82) to disconnect said output of said 
battery backup means (62) from said input of said full wave 
rectifier means (32) and connect the a.c. power to said full 
wave rectifier means input after a predetermined time delay. 

10. The ^paratus according to daim 7 wherein said 
30 battery backup means (62) indudes a dc power switch-over 

and flasher means (80) connected to said switch-over means 
(82) for pulsing said dc. power at a predetermined rate to 
flash said LED array (12). 

11. The apparatus according to claim 7 wherein said 
35 battery backup means (62) includes a synchronizing pulse 

generator means (86) connected to said dc. power switch- 
over and flasher means (80) for imposing marker pulses on 
said d.c. power at a pred^ermined rate. 

12. The apparatus according to daim 1 including a half 
40 wave power detector means (88) having an input connected 

to said input of said rectifier means (32) and an output 
connected to another input of said power factor correction 
converter means (38), said half wave power detector means 
(88) being responsive to a dimming signal at said rectifier 

45 means input for generating a control signal at said half wave 
power detector means ou^ut and said power factor correc- 
tion converter means (38) being responsive to said control 
signal for decreasing said regulated d.c. power to dim said 
LED array (12). 

50 13. The apparatus according to claim 1 including a pulse 
widfli modulated modulator means (46) connected to said 
output of said power factor conection converter means (38) 
and to said input of said LED array (12) for modulating said 
regulated voltage dc. power and a half wave power detector 

55 means (88) having an input connected to said input of said 
rectifier means (32) and an output connected to an input of 
; said pulse width modulated modulator means (46), said half 
wave power detector means being responsive to a dimming 
signal at said rectifier means input for generating a control 

60 signal at said half wave power detector means output and 
said pulse width modulated modulator means (46) being 
responsive to said control signal for decreasing said regu- 
lated dc. power to dim said LED array (12). 

14, An apparatus for supplying regulated voltage dc. 

65 electrical power to an LED array conq)rising: 

a power supply means (10) having an input and an output, 
said power supply means (10) being responsive to a.c. 
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power at said input for generating regulated voltage Ac. means (82) to disconnect said battery backup means 
power at said output to illununate an LED array (12) output from said rectifier means input 
connected to said power supply means output; and 18. The apparatus according to claim 17 wherein said 
a dimming detector means (88) having an input connected P*^^^ ^^^^ correction converter means (38) is a power 
to said input of said power supply means (10) and an 5 factor correcting and voltage regulating buck/boost switch- 
output connected to another input of said power supply mode converter. . , . . , 
means (10), said dimming detector means (88) be^ apparatus according to claim 17 mdudmg an 
responsive 0 a dimming signal at said power suppi? ad^tive damp circuit mea^^^ 

^1-7 said rectifier means (32) for elimmatmg leakage current 

means mput far generating a contro signal at said problems, said adaptive clamp circuit meL (24) having an 

dummng deteoor means output and saidpower supply lO ^ ^ ^^^P V ^ ^ 

means (10) being responsive to said control signal for • ^ i /^^n j . 

^™ • -J 1 * J 1* J * J- (22), a pair of clamp circuit outoQt hnes (26) connected to 

decreasmg said regulated voltage dc. power to dim die \'j j - i . • * 

LED ana (12) & said adaptive clamp circuit means mput, a voltage sensmg 

ic TuJ^^S,*,!' A- * 1 • iA u • -J means (48) connected across said adaptive clamp circuit 

15. The apparatus accordmg to claim 14 wherein said ;««.,t ^^a -> i^o^ /eAr3 

,1 «^ ^^#-11* /-ooN • u 1* J ^ ^ 11 nieans mput, and a controlled load means (50) connected 

dimmmg detector means (88) IS a half wave power detector .j ; • ^ ^i. A , 

-J J- • • ^V^j ■ across said clanaparcuitoulputlmes (26) and to said voltage 

means, said dimmmg signal IS half wave rectified a. c. power • 7ao\ -j i^ • ^^t*^^' 

* I, ? ^ ,-.Av • 1 J ^ sensmg means (48), said voltage sensmg means (48) being 

andsaidpower supply means (10) mcludes a rectifier means . * j * ^ .y^l 

uo,/^ ' / * 'A ^'^^""^^ lucoiij, responsive to a magmtude of a.c. voltage at said adaptive 

(32) having an mput connected to said power supply means i "L • ^ • * i *u ^ . j 

• J * J * * ^- ^ clamp circuit means mput lower than a predetermined 

mput and an output and a power factor correction converter ~ZZz-*,.a^ -a -j i a /^-m . 

/-^OM- • • I ^ J. in magmtude for turmng on said controlled load means (50) to 

means (38) havmg an mput connected to said rectifier means ^0 ^ ^ , . j , , ^^^v . *iAva*i^ vv 

^ . A *I * vmi^v^^ cai^i^^uii^^iautous councct a low impedance load (60) m said controlled load 

output and an output connected to said power supply output /cax -j i • . . i- \ 

.^•A^^ f * *: ^^^"F^wc^^up^y uu4^u^ means (50) across said clamp cn-cuit output Imes (26) and 

saidpow^factorco^ectionconvertermeans(38)ind^^^ mean! (48) being responsive to a 

said another input of said power supply means (10), said ^^tude of the a. c voltage at sid a4tivedamp circuit 

power factor coirecuon converter m^^^ S ^ p^xmined 

voir.lf™tlZlf^^ magnitudefor^goffsSdcontroEedload'Lans(50)t^ 

vo tage d.c. power to dim the LED array (12). disconnect said low impedance load (60) from said clamp 

16. The apparams according to claim 14 wherem said ^^^^^ ^^^^ ^ 
dmmmig detector means (88) is a half wave ^wer detector ^O. The apparattis according to daim 17 wherdn said 
means^saiddimmrngsign^isha^^^ battery badalp means (62) indudes a time dday and resto- 
and mcludmg a pulse width modulated modulator means ^^^*:«„\„^,„, ^^o^ ,««r^«*;« 

^« * J * -J * * 'J I ration means (78) responsive to application of a.c. power at 

(46) connected to said output of said power supply means ^.^ !^^:a u»JZ^, u ^» r ^ n- 

/I AW .1 1 -J 1 * J 1* J 'A said mput of said battery backup means (62) for controlling 

(10) for modulatmg said regulated voltage d.c. power, said . / ^ f . , 

1 'A*x. J I * J J w . 1 J. .J said switch-over means (82) to disconnect said output of 

pulse width modulated modulator means (46) mcludmg said ^^-^ u^n^r ^oo«. o *^ • * ^ 

. * r -J , /-.ftv *, 1 said battery backup means (62) from said input of said 

another mput of said power supply m.eans (10^, said pulse ^^li ^ * ^ v« 

-aZ A^ ^A A ^"i^i'V v^v;, a^uu ^juibc rectificT mcaus (32) and connect the a-c. power to said 

width modulated modulator means (46) bemg responsive to 35 , ..o„_^_„ ^ „i _ j * • ^ *J ^ i 

^, - ir J • . f J 1. J rectifier means mput after a predetermined time delay. 

^t^^tX ^^nZ'^nir 2L The apparatus accorcto.g to daim 17 whereiA said 

power to dim the LED airay (12). battery backup means (62) includes a d.c. power switch-over 

17 apparatus for supplying regulated voltage d.c. and flLher mfans (80) connected to said switch-over means 

electncal power to an LED array compnsing: ,q*x f ^ i • ^a a * a . • ^ . . 

*^ I' & (82) for pulsmg said dc. power at a predetermined rate to 

a rectifier means (32) having an input and an output, said flash said LED array (12). 

rectifier means (32) being responsive to ax. power at 22. The apparatus according to claim 17 Wherein said 

said mput for generating rectified d.c. power at said battery backup means (62) includes a synchronizing pulse 

°"^"^» generator means (86) connected to said d.c. power switch- 

a power factor collection converter means (38) having an over and flasher means (80) fOT imposing marker pulses on 

input connected to said ou^ut of said rectifier means said d.c. power at a predetermined rate. 

(32) and an ou^ut, said power factor correction con- 23. An apparatus for supplying regulated voltage d.c. 

verter means (38) being responsive to said rectified da electrical power to an LED array comprising: 

power at said power factor correction converter means a rectifier means (32) having an input and an ouQ)ut, said 

input for generating regulated voltage dc. power at said rectifier means (32) being responsive to a.c. power at 

power factor correction converter means output; said input for generating rectified d.c. power at said 

a battery backup means (62) having an input for receiving ou^ut; 
a.c. power applied to said input of said rectifier means a power factor correcting and voltage regulating buck/ 
(32) and having an output at which d.c, power is boost switchmode converter (38) having an input con- 
generated; and 55 nected to said output of said rectifier means (32) and an 

a switch-over means (82) connected to said ou^ut of said output said switchmode converter (38) bdng respon- 

battery backup means (62) and to said input of said sive to said rectified dc. power at said switchmode 

rectifier means (32), said battery backup means (62) converter input for generating regulated voltage dc. 

being responsive to a failure of a.c. power at said power at said switchmode converter output; . 
battery backup means input for controlling said switch- 60 an LED airay (12) having an input connected to said 

over means (82) to connect said battery backup means output of said switchmode converter (38) for receiving 

output to said rectifier means input to provide dc. said regulated voltage d.c. power to illuminate said 

power to said power factor correction converter means LED array (12); 

(38) to illuminate an LED array connected to said a battery backup means (62) having an input for receiving 

output of said power factor correction converter means 65 a.c, power applied to said input of said rectifier means 

(38) and being responsive to a.c. power at said battery (32) and having an ou^ut at which d.c. power is 

backup means input for controlling said switch-over generated; and 
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* a switch-over means (82) connected to said output of said 
battery backup means (62) and to said input of said 
rectifier means (32), said battery backup means (62) 
being responsive to a failure of a.c. power at said 
battery backup means input for controlling said switch- 5 
over means (82) to connect said battery backup means 
output to said rectifier means input to provide d.c. 



18 

power to said switchmode converter (38) to illuminate 
said LED aaay (12) and being responsive to a.c. power 
at said battery backup means input for controlling said 
switch-over means (82) to disconnect said battery 
backup means output from said rectifier means input 

***** 
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[57] ABSTRACT 

A retrofittable lamp using light emitting diodes as the 
illumination source, the lamp is fitted with any one of the 
common lamp bases and is intended as a retrofit for incan- 
descent lamps having such bases in illuminated signs such as 
exit signs and the like. The invention contemplates the 
packaging of a number of hght emitting diodes in a circuit 
usually having a current limiting device to allow LED 
operation at a desired current level. The light emitting diodes 
are placed within a standard glass or plastic bulb envelope 
in airangements capable of providing even illumination 
from the lamp. 

8 Claims, 4 Drawing Sheets 
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LIGHT EMITTING DIODE RETROFIT LAMP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The invention relates generally to retrofittable lamps 

configured as standard incandescent lamps but with LED 
illumination soruces, the lamps of the invention being 
capable of substitution in illuminated signs such as exit signs 
and the like for previously used incandescent lamps. 

2. Description pf the Prior Art 

It is estimated that approximately 40 million illuminated 
exit signs exist in operating capacities in this country at the 
present time. The great majority of this exit signage have as 15 
the illumination source one or more incandescent lamps. 
Millions of other illuminated signs also use incandescent 
lamps as the light source. While the incandescent lamps used 
in these illuminated signs have an exceptionally long life for 
incandescent lamps, a problem which exists with these 20 
lamps is tiie fact that the lamps bum out over time and must 
be replaced. Replacement of a burned out incandescent lamp 
in an illuminated sign with an essentially identical incan- 
descent lamp is the common practice even tiiough the 
necessity for replacement will again exist within a relatively 25 
short time even when the incandescent lamps are operated 
through a transformer at a reduced voltage in order to gain 
a longer lamp life. This basic problem has previously been 
recognized inter alia by Walton et al in U.S. Pat. Nos. 
4,782,429 and 5,012,157, these patents describing lamps 30 
useful for replacement of incandescent.lamps in exit signage 
and the like by die provision of low voltage, heated filament 
lamps which are intended to operate for a longer period of 
time than the incandescent lamps which have long been used 
in exit signage. 35 

While illuminated signs have been proposed for a number 
of years with tight emitting diodes as the illumination 
source, the use of light emitting diodes in original equipment 
exit signs has been expensive and, as importantly, the prior 
reliability of light emitting diodes has caused these illumi- 40 
nated signs to be less than practical. In recent years, light 
emitting diodes have improved to the point thai such diodes 
have come into use as the original illumination source in 
certain categories of exit signage and the like. While the 
expense inherent in the use of light emitting diodes as the 45 
illumination source in an exit sign is still substantially 
greater than exit signs having incandescent or fluorescent 
illumination sources, the ability of the LED illumination 
source to provide extremely long life and energy efficiency 
has caused acceptance of LED-illuminated exit signs in the 50 
marketplace. Coincidental with the acceptance of LED- 
illuminated original equipment exit signage has been the 
provision of LED illumination sources in association with 
standard incandescent lamp bases to the end thai the "solid 
state" or LED lamp so provided can be used in existing 55 
standard AC or DC lamp sockets. Ray, in U.S. Pat. No. 
4,211,955, disposes light emitting diodes within a standard 
incandescent light bulb and lamp base. The solid state lamp 
thus provided by Ray can be used to replace any standard 
incandescent light bulb and inserted into existing standard 60 
AC or DC lamp sockets depending upon the standard base 
chosen. The circuitry of Ray includes an integrated drcuii 
chip as a major portion of the operating circuit described in 
tills patent. Uchida, in U.S. Pat. No. 4,727,289, disposes 
light emitting diodes on a printed circuitboard arranged 65 
inside a glass bulb having a base intended to be received into 
a standard socket. Power resistors used by Uchida are part 
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of circuitry intended to provide a "high voltage" lamp but 
which also provides dissipatiye characteristics due to the 
wire- wound construction of the power resistors. In U.S. PaL 
No. 4,939,427, Menard et al describe a lamp utilizing light 
emitting diodes as the illumination source, the lamp being 
insertable through a conventional base into a socket powered 
by an AC input. Otiier patents exist which utilize light 
emitting diodes as an illumination source whether with or 
without a covering envelope but with a base form intended 
to be received within a socket tiirough which the LED 
illumination source is powered. Such patents include U.S. 
Pat No. 4,290,095 to Schmidt, U.S. Pat No. 4,630,183 to 
Fujita; U.S. PaL No. 5,160,200 to Cheselske and U.S. Pat. 
No. 3,795,830 to Richardson. The disclosures of all of the 
patents mentioned hereinabove are incorporated hereinto by 
reference. 

In view of the prior art described above, certain significant 
benefits are to be derived from a series connection of a 
significant number of light emitting diodes in arrangements 
proposed according to the present invention. The present 
circuit arrangements include attendant reduction of losses 
and stresses on circuit components. The invention thus 
provides LED illumination sources contained within a con- 
ventional glass or plastic bulb-like envelope of standard 
shape and diniensions and associated with common lamp 
bases such as intermediate, medium candelabra and double 
contact bayonet inter alia, such that the LED lamp of the 
invention can be retrofitted into existing exit signage which 
use incandescent lamps fitted with the coiresponding lamp 
base. 



SUMMARY OF THE INVENTION 

The invention provides a retrofittable lamp having LED 
illumination sources packaged within a bulb envelope fitted 
with a connnon lamp base, the resulting lamp fitting into an 
incandescent socket and operable at line voltage in an 
illuminated sign such as an exit sign or the like. The 
illumination sources of the present retrofittable lamps pri- 
marily include light emitting diodes having a current limit- 
ing device in the circuitry. In at least certain embodiments of 
Uie invention, AC line voltage is converted to direct current. 
In the various embodiments of the invention, light emitting 
diodes are placed in series. In "high voltage" embodiments, 
a single resistor can function as a current limiting device 
with relatively larger numbers of light emitting diodes being 
used so that less voltage is applied across the resistor. In 
those embodiments of the invention wherein the current 
limiting device constitutes a capacitor, relatively few light 
emitting diodes can provide adequate illununation witiiout 
excessive dissipative losses as heat. 

The present LED lamps package all illumination sources 
and circuitry within the confines of a bulb envelope thereby 
eliminating the need for extemal circuitry or modifications 
to an installed exit sign. The several lamps of the invention 
simply screw or otherwise connect into the existing sockets 
within an installed exit sign. While the bulb envelope of the 
present LED lamps can conventionally be formed of glass, 
die interior of the bulb envelope would not require evacu- 
ation. Further, the bulb envelope could be formed of various 
plastic materials and could either be clear or frosted depend- 
ing upon a desired affect; 

Particular embodiments of the invention include die 
mounting of the light emitting diodes, connecting conduc- 
tors and other circuit elements on boards whereby wire 
bonding techniques such as wave soldering allow connec- 
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tion of the light emitting diodes in series without significant 
failure rates. In a particular method of the invention, light 
emitting diodes and associated circuitry elements are wave 
soldered on a given side of two planar board elements which 
are then mounted "back-to-back" to allow the LED illumi- 5 
nation sources to be directed in substantially all directions 
within the interior of the bulb envelope. Even illumination 
therefor results. 

Accordingly, it is a primary object of the present invention 
to provide a retrofittable lamp utilizing light emitting diodes 10 
as the illumination sotirce, the illumination source being 
fitted within a bulb envelope and base having the same size 
and shape of an incandescent lamp which the present LED 
lamp is intended to replace such as in an illimiinated sign 
comprising an exit sign or the like. 15 

It is another object of the invention to provide particularly 
efiScient circuitry for retrofittable LED lamps capable of 
replacing previously used incandescent lamps in exit sig- 
nage and the like. 

' 20 

A further object of the invention is to provide particular 
LED circuitry arrangements within the confines of a retro- 
fittable lamp and socket and which are capable of providing 
even illumination. 

Further objects and advantages of the invention will 25 
become more readily apparent in light of the following 
■detailed description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

FIG. 1 is a side eievational view of a lamp according to 
the invention with interior circuitry shown schematically; 

FIG. 2 is a perspective view of a particular arrangement 
of light emitting diodes soldered to substrate elements by 
wave soldering techniques; 35 

FIG. 3 iis an assembly view of the structure shown in FIG. 

2; 

FIG. 4 is a side eievational view of a retrofittable lamp 
according to die invention schematically illusu-ating the 
circuitry of die lamp disposed interiorly thereof; 

FIG. 5 is a side eievational view schematically illustrating 
a further embodiment of the invention; 

FIG. 6 is a side elevadonal view schematically illustrating 
yet another embodiment of die invention; 45 

FIG. 7 is a diagrammatical illustration of a circuit accord- 
ing to the invention; and, 

FIGS. 8 through 10 are side eievational views of still 
further embodiments of the retrofittable lamp of the inven- 
tion schematically illustrating the circuitry of the lamps. 50 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings and particularly to FIG. 1, 55 
a preferred embodiment of the invention is illustrated as 
comprising a lamp 10 having a lamp tube 12 and a base 14. 
While the lamps of the invention can be shaped and sized as 
desired to fit the exigencies of a particular use environment, 
the lamp 10 of FIG. 1 is particularly intended as a replace- 60 
ment lamp for an exit.sign or similar illuminated sign which 
may have been originally fitted with an incandescent lamp. 
The lamp 10 of the invention is provided with a plurality of 
light emitting .diodes 16 in series which fit within the lamp 
tube 12 and which fonn a part of a circuit 18 which includes 65 
the base 14 substantially in the manner that an incandescent 
filament in an incandescent lamp forms a part of a circuit 



,280 

4 

which includes the base of the incandescent lamp. As such, 
the lamp 10 having the light emitting diodes 16 as its 
illumination source is capable of being used as a replace- 
ment lamp for a conventional incandescent lamp in an exit 
sign or illuminated sign. In the lamp 10, the interior of the 
lamp need not be evacuated since it is not necessary to 
operate the light emitting diodes 16 in a vacuum. Accord- 
ingly, the lamp tube 12 can be formed of glass or from other 
materials such as various "plastic" materials and the lamp 
tube 12 can be formed with one or more openings (not 
shown) as desired. The lamp mbe 12 in the embodiment of 
FIG. 1 is shaped identically to the bulb conventionally 
known in the art as a T6Vi bulb vwth the base 14 being that 
type of base known as an intermediate base. It is to be 
understood that common lamp bases known in the art as 
medium, candelabra, double contact bayonet, etc. can also 
be employed as a base such as the lamp base 14 depending 
upon.ie structure of the conventional lamp which the lamps 
of the present invention are intended to replace. While the 
lamp tube 12 could be formed in a different shape, it will be 
understood that the shaping and sizing of the lamp 10 to 
substantially identical dimensions as those of the lamp 
which is to be replaced facilitates use of the lamp 10 as a 
replacement. As can readily be seen, the lamp tube 12 
functions as a protective cover which holds the light emit- 
ting diodes within a desired spatial envelope so that the 
diodes 16 remain in place in a use environment All other 
elements of the circuit 18 are preferably disposed within the 
spatial volume defined by the lamp tube 12 for protection of 
the circuit elements and to prevent contact between any 
element of the circuit 18 and structure exterior to the lamp 
10. Further, the lamp mbe 12 acts to keep dust and the like 
firom contacting either the diodes 16 or any part of the circuit 
18 which might result in degradation of performance. 

The lamp 10 would typically have a dimension of 5.5 
inches in length in order to fit most incandescent lamp 
replacement situations in exit signage. The lamp 10 would 
further operate at a designed voltage of 120 volts which is 
the same voltage at which the incandescent lamp being 
replaced would operate within that socket (not shown) into 
which die base 14 connects to the line voltage. Voltages 
other than usual 120 VA can be employed. The lamp 10 has 
a design wattage of one watt, would have an operating 
temperattire between -25** C. and +85° C. and a storage 
temperature between -25° C. and +100° C. The light emit- 
ting diodes 16 would be formed of conventional AlGaAs 
material and would operate at a peak wave lengdi of 650 to 
670 nm. Accordingly, die light emitting diodes 16 would 
preferably produce red light. The luminous intensity of each 
of the light emitting diodes 16 would be approximately ICQ 
mcd at a minimum. As will best be seen relative to the 
following description of FIGS. 2 and 3, the light emitting 
diodes 16 are spaced as uniformly as possible witliin the 
interior of die lamp mbe 12 in order to provide even 
illumination. While the lamp 10 can be provided witii 
varying numbers of die light emitting diodes .16, very 
adequate illumination is provided by approximately 20 of 
die light emitting diodes 16 widiin the lamp 10 as shown in 
FIG. 1. It is possible to use fewer dian twenty diodes 16 or 
even a greater number of the diodes 16 depending upon the 
illumination level required. 

The preferred embodiment of die invention shown in FIG. 
1 is seen to include a capacitor 20 in the circuit 18 with a 
diode bridge 22 being located between the capacitor 20 and 
the light emitting diodes 16. The capacitor 20 functions to 
limit current within the circuit 18 to the degree that the light 
emitting diodes 16 operate individually at approximately 
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0.02 amps. The capacitor 20 in the lamp 10 is preferably a 
0.47 microfarad 120 AC device. The <iiode bridge 22 func- 
tions to convert AC line voltage to DC and provides full 
wave operation of the lamp 10. The circuit 18 is joined in 
essentially a conventional fashion to interior electrically 5 
conductive portions of the base 14 as is the case with a 
conventional incandescent lamp. It is preferred that the 
capacitor 20 and the diode bridge 22 are located as close to 
the base 14 as is reasonably possible. 

The embodiment of HG. 1 can be configured as is shown 10 
in FIG.' 4 with a varistor 24 such as an MOV as shown. The 
use of the varistor 24 is optional but does provide a surge- 
limiting function in circuit 54 of FIG. 4. While the embodi- 
ment of FIG. 4 is substantially identical to the embodiment 
of HG. 1 with the exception of the addition of the varistor 15 
24, the common elements between the two figures are 
identified by different numerical indicia. Accordingly, lamp 
26 of FIG. 4 comprises lamp tube 48 and base 50 with the 
circuit 54 comprising light emitting diodes 52, a diode 
bridge 46 and a capacitor 56. Surge limiting devices such as 20 
the varistor 24 of FIG. 4 can be used in the circuitry of the 
other lamps described herein. Surge limiting devices are 
considered to be optional, however, since light emitting 
diodes do not have "negative resistance" characteristics such 
as do electrical discharge lighting devices and since such 25 
diodes do have at least some "positive slope" when consid- 
ering the volt-amp characteristics of a typical light emitting 
diode. Accordingly, little current flows in a light emitting 
diode below certain threshhold levels. In essence, LED 
voltage increases dramatically with high current pulses and 30 
thus lessens a concern for off-line surges. Therefore, voltage 
sensing surge suppression devices such as the varistor 24 can 
be used for the additional protection thereby afforded, 

A particular arrangement of the light emitting diode 16 
can be conveniently manufactured according to the inven- 35 
tion as is shown in FIGS. 2 and 3 for use in the lamp 10 (or 
with lamp tubes and base structures of differing type). As is 
particularly seen in FIG. 2, the light emitting diodes 16 are 
spaced from each other and separated by a plurality of 
apertures 28 formed in an elongated circuit board substrate 40 
30, all of the light emitting diodes 16 on the substrate 30 
extending from one side thereof and being interconnected by 
soldered portions (not shown) of the circuit 18 on the 
opposite sides of the substrate 30 from which the diodes 16 
extend. The substrate 30 is provided with web tabs 32 which 45 
are mated with corresponding tabs 34 on substrate 36 which 
also mounts a series of light emitting diodes 16 separated by 
apertures 38. While the tabs 32 and 34 hold the substrates 30 
and 36 in a web of similar substrates during subsequent 
soldering, the tabs 32 and 34 also act to facilitate mounting 50 
of the assembled unit of FIG. 3 within the lamp tube 12. The 
substrate 36 is provided with an extended plate 40 formed 
integrally with the substrate 38 for mounting of the capacitor 
20 and the diode bridge 22. Electrical contacts 42 extend 
from the end of the substrate 36 on which the capacitor 20 55 
and diode bridge 22 are mounted. The contacts 42 connect 
(not shown in FIG. 2) with the base 14, The light emitting 
diodes 16 and the circuit 18 in which said diodes are 
connected are soldered whfle the substrates 30 and 36 are 
separate as is shown in FIG. 2 such as by wave soldering 60 
techniques which need not be described herein due to the 
conventional nature of the wave solder techniques .per se. 
After wave soldering of the portions of the circuit 18 on 
those sides of the subsu-ates 30 and 36 opposite the light 
emitting diodes 16, the substrates 30 and 36 are assembled 65 
together as is shown in FIG. 3 with the light emitting diodes 
16 disposed on either of the substrates 30 and 36 extending 
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through the apertures 28 or 38 on the other of said substrates. 
In other words, the substrates 30 and 36 are mounted 
essentially "front-to-front" with the light emitting diodes on 
either substrate extending outwardly from tiie rear surface of 
each substrate when said substrates are bonded together. In 
order to mate the two portions of the structure together, that 
end 44 of the substrate 30 is placed next to the diode bridge 
22 with that aperture 28 disposed nearmost said end 44 
receiving the diode 16 nearmost the diode bridge 22 on the 
substrate 36. Electrical connections (not shown) extend 
between the substrates 30 and 36 when assembled as seen in 
FIG. 3 to cause the diodes 16 and those circuit elements 
interconnecting the diodes 16 on the substrate 30 and 36 to 
electrically join all of the diodes 16, In this arrangement, the 
light emitting diodes 16 extend within the lamp tube 12 in 
two oppositely disposed directions and provide substantially 
even illumination from within the lamp 10. The structure of 
FIG. 3 will readily be understood to be inserted into the 
interior of the lamp tube 12 with the contacts 42 electrically 
connected to the base 14. Attachment of the lamp tube 12 to 
the base 14 provides a lamp 10 which is ready for connection 
into an appropriate socket as a replacement lamp in an exit 
sign or similar illuminated sign. 

Referring now to FIG. 5, an embodiment of the invention 
is seen to comprise lamp 58 having lamp tube 60 and base 
62. A plurality of light emitting diodes 64 form a circuit 66 
with a resistor 68. In the circuit 66, approximately 18 to 20 
of the light emitting diodes 64 are connected in series with 
the resistor 68 which is chosen to be a 2200 ohm resistor. A 
diode bridge 69 is disposed in the circuit 66 between the 
resistor 68 and the light emitting diodes 64. Although twenty 
of the light emitting diodes 64 are shown in FIG. 5, a greater 
number of the diodes 64 can be employed. In essence, 
employment of greater nimibers of light emitting diodes 64 
causes the voltage seen across the resistor 68 to be reduced. 

Referring now to FIG. 6, a unidirectional or half-wave 
embodiment of the invention is seen to comprise lamp 70 
having lamp tube 72 and base 74. In this embodiment, 
approximately 18 to 20 light emitting diodes 76 are provided 
in series' in circuit 78 which includes a 2200 ohm resistor 80 
with a 1N4005 diode 82 being disposed in the circuit 78 
between the resistor 80. and the light emitting diode 76. In 
the event an exit sign into which the lamp 70 is placed uses 
a 277 to 120 (or 90) volt transformer (not shown), the current 
imbalances could be of concern were it not for the fact that 
the lamp 70 utilizes only a small fraction of the power 
previously supplied for the incandescent lamp (not shown) 
which the lamp 70 replaces. In the embodiment of FIG. 6, 
the resistor 80 does not "see" a reverse voltage due to the 
provision of the diode 82 in tiie circuit 78. 

Referring now to FIG. 7, a circuit 84 within lamp 83 is 
seen to contain light emitting diodes 86, the circuit 84 being 
capable of operating the diodes 86 without a series imped- 
ance, A diode bridge 88 is placed in the circuit 84 and allows 
tiie circuit 84 to function without a series impedance. It is 
possible to use "strings" of the diodes 86 arranged in parallel 
for the single "string" of tiie diodes 86 seen in FIG. 7. Such 
strings would typically include, e,g., as many as sixty-four 
of the light emitting diodes 86 with many multiples of the 
strings being potentially employed for redundancy. The 
diodes of the diode bridge 88 provide reverse polarity 
protection by means of the voltage blocking function which 
said diodes provide. A lamp having the circuit 84 would be 
able to take full advantage of the compounded affects of both 
a positive resistive slope and a quasi-pulsed form of opera- 
tion for operating directiy off-line. 

Referring now to FIG. 8, a lamp 98 configured according 
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to yet another embodiment of the invention is seen to 
comprise a lamp tube 100 and a base 102. Circuit 104 
includes light emitting diodes 110 and a diode bridge 108 
with a switching power supply 106 disposed between the 
bridge 108 and the diodes 110. The switching power supply 5 
106 can take the form of a power factor controller which 
would cause this embodiment of the invention to have a 
desirably high power factor. A power factor controller such 
as the D su£5x (SO-*) device produced by Motorola and 
designated MC34261 is suitable in this circuitry. 

Referring now to FIG. 9, a lamp 108 configured according 
to a further embodiment of the invention is seen to comprise 
a lamp tube 112 and a base 114, a circuit 118 being contained 
within the lamp tube 112 and including electrically conduc- 
tive portions of the base 114 in the circuitTy for connection 
to Ime voltage or to any other appropriate voltage source. 
The circuit 118 contains in series a plurality of light emitting 
diodes 116 with a switching power supply 120 being con- 
tained in the circuit between the light emitting diodes 116 
and a diode 124. A capacitor 122 is connected in parallel 
with the switching power supply 120. The switching power 
supply 120 can take the form of a power factor controller 
such as that device manufactured by Motorola and described 
hereinabove. The switching power supply 120 of FIG. 9 
functions as a voltage reducing and current limiting device. 
The diode 124 functions as a reverse voltage blocking 
device and the capacitor 122 functions as a storage and 
smoothing device. 

Referring now to FIG. 10, a lamp 126 is seen to comprise 
a lamp tube 128 and a base 130 with circuit 134 being 
substantially contained within the lamp tube 128. The circuit 
134 includes a plurality of light emitting diodes 132 and a 
diode bridge 138 as shown. A resistor 136 is placed in series 
between the diode bridge 138 and the light emitting diodes 
132. The resistor 136 functions as a current limiting device 
while the diode bridge 138 acts to convert alternating current 
to direct current. 

The various lamps of the invention can be provided in a 
kit form with reflective material intended to enhance reflec- 
tivity and illumination performance within the use environ- 40 
ment of an exit sign. The reflective material (not shown) can 
be backed with adhesive to allow appropriate mounting 
within the exit sign. Red V glow and separate color panels 
can also be provided in such a kit. 

A primary advantage of the lamps of the present invention 45 
is that the lamps are self-contained and do not require - 
installation other than simple placement of any one of the 
lamps into a socket (not shown) intended to receive an 
appropriate base of an incandescent lamp which is to be 
replaced by one of the present lamps. Accordingly, one of 50 
the present lamps is simply screwed into an existing incan- 
descent lamp socket without a requirement for circuity 
changes or any positioning or securing of a light emitting 
diode assembly within the sign which is to be illuminated. 
It is fiirther to be understood that the preferred embodiment 55 
typically would use less than a single watt and, therefore, in 
a two-lamp exit sign, would require less than two watts of 
power as compared to the use of approximately 17 watts for 
"long-life" luminaires using low- voltage incandescent fila- 
ments. The circuitry of the present lamps is also simplified 60 
by the operation of the light emitting diodes in a series 
arrangement. Use of the present lamps will not usually 
require a transformer and rectifier circuit in an illuminated 
sign, thereby obviating the cost and complexity of conven- 
tional low-voltage direct current lamps. It is further to be 65 
understood that the present concept can be utilized in 
illuminated signs wherein fluorescent lamps have previously 
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been employed. 

Given the teachings of the invention as provided herein, 
it can be readily understood that the lamps illustrating tiie 
several embodiments of the invention can be configured 
other than as expressly shown in the drawings and described 
hereinabove. In particular, differing bulb envelopes can be 
substituted for the lamp mbes such as are shown herein, the 
shape, size and even the existence of a bulb envelope being 
dependent upon the use environment Further, the base for 
the lamps configured according to the invention can vary 
depending upon the requirements of a particular use situa- 
tion. Accordingly, the invention can be practiced other than 
as described hereinabove with the scope of the invention 
therefore being limited only by the recitations of the 
appended claims. 

What is claimed is: 

1. A lamp capable of operation on standard line voltages 
and particularly useful as a replacement lamp in an emer- 
gency exit sign and the like, comprising; 

a plurality of light emitting diodes arranged in series and 
comprising a circuit locatable within the spatial con- 
fines of the lamp; 

means disposed in the circuit for limiting current through 
the light emitting diodes, said means comprising a 
capacitor acting as the only effective limiting imped- 
. ance in the circuit; and, 

a diode bridge disposed in the circuit between the light 
emitting diodes and the capacitor. 

2. The lamp of claim 1 wherein the circuit further com- 
prises a varistor disposed in the circuit between the capacitor 
and the diode bridge to suppress current surges. 

3. The lamp of claim 1 wherein the number of light 
emitting diodes in the circuit is approximately twenty. 

4. A lamp capable of operation on standard line voltages 
and particularly useful as a replacement lamp in an emer- 
gency exit sign and the like, which exit sign is provided with 
at least one socket intended to receive a base of an exit sign 
lamp which is replaced by the present lamp, the present lamp 
haviiig a base which can be received into the socket, 
comprising: 

a plurality of light emitting diodes arranged in series and 
comprising a circuit locatable within the spatial con- 
fines of the lamp; 

means disposed in the circuit for limiting current through 
the light emitting diodes, said means comprising a 
capacitor acting as the only effective limiting imped- 
ance in the circuit; and, 

means for rectifying current disposed in the circuit 
between the light emitting diodes and the capacitor. 

5. The lamp of claim 4 wherein the rectifying means 
comprise a diode bridge. 

6. The lamp of claim S wherein the number of light 
emitting diodes in the circuit is approximately twenty. 

7. A lamp capable of operation on standard line voltages 
and particularly useful as a replacement lamp in an emer- 
gency sign and the like, comprising: 

a plurality of light emitting diodes arranged in series and 
comprising a circuit locatable within the spatial con- 
fines of the lamp; 

a single circuit element arranged in the circuit for limiting 
current through the light emitting diodes, the single 
circuit element comprising the only effective limiting 
impedance in the circuit and comprising a capacitor, 
and, 

a diode bridge disposed within die circuit between the 
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light emitting diodes and the single circuit element 
8. A lamp capable of operation on standard line voltages 
and particularly useful as a replacement lamp in an emer- 
gency sign and the like, comprising: 
a plurality of light emitting diodes arranged in series and ^ 
comprising a circuit locatable wtihin the spatial con- 
fines of the lamp; 
a single circuit element arranged in the circuit for limiting 
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current through the light emitting diodes, the single 
circuit element comprising the only effective limiting 
impedance in the circuit; and, 
a diode bridge disposed within the circuit between the 
light emitting diodes and the single circuit element, the 
single circuit element comprising a capacitor. 

* * * * i»c 
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[57] ABSTRACT 

A dynamic load circuit constructed so that the current 
shunted thereby is high at low voltages and low at high 
voltages. The impedance of the dynamic load circuit is 
negative over a portion of its operating range so that 
current will decrease with increasing voltage over that 
range. The foregoing is accomplished by the provision 
of a two-stage inverting direct current amplifier with a 
low impedance load and a selected offset voltage. 
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utilizing two light sensors Ri and one to monitor 

POWER SUPPLY DYNAMIC LOAD FOR TRAFHC lamp brightness and the other to monitor ambient light. 

AND PEDESTRIAN SIGNAL The light brightness monitor sensor Ri is the key ele- 
ment since lamp efficiency varies widely so that lamp 

BACKGROUND OF THE INVENTION 5 brightness cannot be accurately established by an open 

The dynamic load circuit of the invention finds par- ^^^P control of the power delivered to the lamp, 

ticular utility in the power supply for a traffic or pedes- The basic purpose of the power supply shown in 

trian crossing signal, or for other types of signals, for FIG- 1 is to provide a variable source of high voltage 

attenxxating the effects of leakage currents when a par- power for a luminescent lamp in such a manner that the 

ticular signal is switched to its off state. power delivered is automatically adjusted to a level 

As is well known, pedestrian traffic signals usually such that the brightness of the lamp is maintained in a 

comprise a first luminescent tubular lamp which is ener- constant ratio with respect to the ambient light falling 

gized to indicate a "WALK" signal and a second lumi- on the lamp. 

nescent lamp which is energized to indicate a "DONT The power of FIGS. lA and IB is made up of six 

WALK" signal. These lamps are alternately switched functional components: 

on and off, usually by solid state switches, such as triac 1. Rectifier bridge and storage capacitor circuit, 

switches. However, such switches exhibit leakage cur- 2. Start-up supply circuit, 

rents. Such leakage currents are usually of the order of 3. Dynamic load circuit 

20 mils, which do not result in appreciable voltages 4. Operating supply circuit, 

except when fluorescent or neon lamps are used. ^ 5, Sensor bridge circuit. 

It is usual for pedestrian and traffic lights to use 5. Switching regulator circuit, 

"green" monitors which sense a condition where two -phg rectifier bridge is made up of a fuse Fl, and four 

"walk" or "go" signals are energized at the same time at diodes Crl-CR4, together with a capacitor CI. The 

the same mter section for mteresectmg streets. Such a .^ctifier bridge is connected to an appropriate source of 

condition could cause a disaster, and it is a function of 25 ^ alternating current power through a fuse FL 

the green monitors to switch the hghts to their flash- p^,,^ pj j ^ ^ j 5 j^-^^^ 

mg mode should that conditionoccur. Crl-CR4 may each be of the type designated 5395, and 

tri^" traffic tT^^^^^^^^ m.y^a60 mi^farad capacitor. The 

liecufnti^^^^^^^ 30 1^'"^^ ^^''"^'^ and ^pacitor CI form a 

to activate the "green" monitors which mistakenly J^aightforward full-wave recitifed, capaci ive filtered 

react thinking the particular circuit is on, when it actu- ^"PP'^ ^'^h nominal output voltage of 160 

ally is off ^ ^ "^P^^ of 1 15 volts AC. 

The dynamic load circuit of the present invention is switching regulator is designed around an inte- 

such that when the triac switches are off, the leakage 35 f [Jlfi^fl^^^^" "^^.y ^ ^C^^'' designated 

current sees a relatively low impedance to ground so SGS3526. Integrated circuit Ul functions as a fixed 

that no excessive voltage builds up. However, when the frequency pulse width modulator. The output of the 

triac switches are on, and the input voltage ramps up, switching regulator is connected to a primary winding 

the impedance of the dynamic load circuit immediately ^ P^^er output transformer Tl. The lamp to be 

increases, effectively taking the load circuit out of the 40 energized by the power supply is connected across the 

main circuit. secondary St of the output transformer. The power 

delivered to the lamp is modulated by varying the 

SUMMARY OF THE INVENTION width, or duty cycle of the output pulses from inte- 

The dynamic load circuit of the invention is designed S^^ed circuit Ul. while the frequency of the pulses 

so that the current shunted to ground is high at low 45 remains constant. 

voltages and low at high voltages. This requires that the The integrated circuit Ul has two switch outputs, 

impedance of the circuit be negative over a portion of designated respectively "Out A" and "Out B" which 

its operating region so that current will decrease with appear at pins 13 and 16. These outputs are applied to 

increasing voltage over that region. This is accom- ^^e primary winding PI of output transformer Tl 

plished by the provision of a two stage inverting D.C. 50 through MOSFET output power devices Q4 and QS. 

amplifier with a low impedance load and a defined These power devices may be of the type designated 

offset voltage. 445-500A, and are rated at 500 volts and 4 amperes. 
r.r..^^ T.T-r.^«,«-T<w^^t ^r- -^tt^ t^t, * « Output A and output B of integrated circuit Ul are 

BRIEF DESCRIPTION OF THE DRAWINGS switched alternately so that the power output trans- 

figs! 1A and IB show a circuit diagram of a power 55 former Tl is driven in a push-pull mode. Transformer 

supply constructed in the manner described in Copend- Tl is designed to have a high output voltage and a high 

ing Application Ser. No. 514,274. filed Apr. 25. 1990, output reactance in order to match the luminescent 

and which includes a dynamic load circuit constructed lamp drive requirements. 

in accordance with the concepts of the present inven- The frequency at which the outputs appearing at pins 

tion in one of its embodiments; and 60 13 and 16 are switched is constant and is fixed by the 

FIGS. 2, 3 and 4 are curves useful in explaining the values of resistors R13 and R17 and capacitor C5. In the 

operation of the circuit of FIGS. lA and IB, illustrated embodiment, resistor R13 has a value of 10 

nFTAlT FD nF^SCRlPTTOK fiF THF kilo-ohms, resistor R17 has a value of 22 ohms, and 

?Z^isl?i?ED Im^^^^ " " ^^^""^ ^'^^^ microfarads. In the 

ILLUSTRATED EMBODIMENT ^5 illustrated circuit, the nominal frequency is set at ap- 

The solid state power supply illustrated in the circuit proximately 30 kH. As shown, pins 13 and 16 are con- 

of FIGS. lA and IB accomplishes the objective of the nected to the respective gate electrodes of MOSFETs 

invention disclosed in the Copending Application by Q4 and Q5 through 100 ohm resistors R 15 and R 16, and 
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the source electrodes of the MOSFETs are connected The start-up power supply consists of a MOSFET 

to ground through a common. 0,1 ohm resistors Ql, whose gate electrode is driven from a voltage di- 

S^ThqI^x 5oc^x!V^^f gate currents vider made up of a resistor Rl and resistor R2. Resistor 

dLt.^ /^JL^?^^^ ^ °^ '"^y ^^^^ ^ '^^^'^^^ of 120 kilo-ohms and resistor 

IZZrr^}^^^ .u. u r u 5 R2 may have a resistance of 12 kiloohms. Resistor Rl 

«in?i3^nTi?f f f ? ^ M ^^"^ ^'P^^'' u ' connected to the 160 volt DC power line A from the 

p ns 13 and 16 of integrated circuit Ul on. that is the rectifier bridge described above. The values of the resis- 

5o7 J^tr^^Z^'^T ^ f ^ ^ that the voluge atle 

lln^trl^ J^r u "^""Vr.^^- '""^v " of the MOSFET Ql is suflcient to 

SbX that ^th n^^ 'i"^'"'^' ^" ^^^g'^^^d circuit Ul at the desired ^telt° 

time during which neither output Ln be on. Tlie d^d ^iTl'lfrj ' / ^"PP'^ ^'"^^ 

time is set by the value of resistor R17 in conjunction -Hus^msures that the 

with the value of capacitor C5. Tlie voltage at pin 10 15 ^Z^.^ ^hHI^^^^^^^ very inefficient, only 
(O) is a sawtooth waveform varying between two volt- T^' .uTf^J^^^^ • . 

ages with a frequency of twice the output frequency of • integrated circuit Ul is started, the operal- 

the integrated circuit. The fall time of the sawtooth '^^^X^ 'T ^ "^"^ '^'i^^^'^ ^"^^"^^^ "^"^^ 
waveform is the dead time, as shown in the curve of , ^"^^ }^ ""V^T-^ '^'"P 

FIG. 2. As shown in FIG. 2, the rise time of the saw- 20 'l^^^^f w™t°'^^^ '^^'''^ 
tooth waveform is formed by the values of resistor R13 ^'^^trode of MOSFET Ql to the 160 volt DC line A 
and capacitor C5. provides a current limiting function to protect the 

The output pulse width is determined by comparing ^F!^^^T ^n the event of an abnormally high load 
the sawtooth waveform at pin ID with the voltage at the ^^^^^ ^ caused by an inad verent short circuit to 

compensation pin 3. One or the other of the outputs 25 KS.^"^' ^^^^^"^ ^ of the type designated 

appearing at pins 13 and 16 is turned on whenever the WIT4N50. 

upward ramping voltage at pin 10 (Ct) is less than the sensor bndge shown in FIG. IB is primarily 

voltage at the compensation pin 3. Thus, if the voltage responsible for establishing and maintaining the bright- 
at the compensation pin 3 is less than the minimum the lamp driven by the power output trans- 

voltage at the Ct pin 10, the outputs will never go on. If 30 former Tl. The sensor bridge circuit incorporates three 
the voltage at the compensation pin 3 is greater than the sensing elements, namely photoresistors Rl and Ra, and 
maximum voltage at Ct pin 10, the outputs will only be ^ thermistor RT. The photoresistors Rl and Ra have 
off during the dead time, that is, the output duty cycle the property that their resistance is a strong negative 
will be at a maximum. For values at the compensation function of the intensity of light falling on their faces, 
pin Ct between these extremes, the duty cycle will vary 35 of the photoresistors Ri, is used to monitor the 
linearly with the voltage at Q pin 10. brightness of the lamp itself, and it is mounted adjacent 

The integrated circuit Ul contains an error amplifier to the lamp for that purpose. The other photoresistor 
which is of the trans-conductance type which has a *s used to monitor the brightness of the incident 

very high output impedance and in which the output ambient light, and it is appropriately mounted in a posi- 
current is proportional to the input error voltage ap- 40 tion to perform that function. The third sensing element 
plied to pins 1 and 2 of the integrated circuit Ul. The ^ mentioned, is a thermistor, and it is used to moni- 

output of this error amplifier is connected to the com- tor the temperature of the lamp. The thermistor, like- 
pensation pin 3 which, in turn, is connected to a is mounted in an appropriate position to perform 

grounded 1 microfarad capacitor C4. The voltage at the its intended function. 

compensation pin is therefore proportional to the inte- 45 ^ illustrated in FIG. IB, the sensors Rl and Ra are 
gral of input error, and this voltage continually in- connected, together with a 750 ohm resistor Rl in series 
creases or decreases as necessary until the error input between pin 18 (V<0 and ground. The resistor Rll and 
goes to zero. sensor Ra are shunted by a 0. 1 microfarad capacitor C3 

A 51 ohm resistor RI4 is connected between pins 14 and a resistor R12. The resistance of resistor R12 may 
and 17 of integrated circuit Ul to limit feed-through 50 be, for example, 12 kilo-ohms where a white fluores- 
currents within the integrated circuit which are created cent lamp is being energized, or a resistance of 24 kilo- 
when the out puts are switched because of excessive ohms in the event a neon lamp is being powered by the 
internal device tumoff time. system. 

Rectifiers CR6 and CR7 are connected to a second- Pin 18 is connected to a 5 kilo-ohm potentiometer R9 
ary winding S2 of power transformer Tl, and to pin 17 55 which, in turn, is connected to a grounded 5.1 kilo-ohm 
of integrated circuit Ul. These rectifiers may be of the resistor RIO. The junction of sensor Rl and resistor Rll 
type designated IN4934. The rectifiers, together with is connected to pin 2 of the integrated circuit Ul (-cr- 
capacitors C6 and C7 provide a DC voltage of 8-20 ror). and the movable arm of potentiometer R9 is con- 
volts to power the integrated circuit Ul. Capacitor C6 nectcd to pin 1 (H-error). Thermistor RT is connected 
may have a value of 0.1 microfarad and capacitor C7 60 across resistor RIO. and is shunted by a 0.1 microfarad 
may have a value of 33 microfarads. capacitor C2. 

The rectifier bridge described above is connected to a Sensors Rl and Ra. and potentiometer R9 and resis- 
start-up power supply. The stan-up power supply is tor RlO are connected essentially as a bridge whose 
necessary because the integrated circuit Ul cannot be- voltage is monitored fay the error amplifier in the inte- 
come active until it is supplied with power, and the 65 grated circuit Ul. The bridge is balanced, and the error 
operating power supply cannot supply power until the Voltage is zero, when the ratio of the resistances of the 
imegrated circuit is active^ Accordingly, the start-up photosensors Rl and Ra is equal to the resistances of 
power supply shown m FIG. 1 A is required. potentiometer R9 and resistor RIO. It will be appreci- 
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ated that potentiometer R9 and resistor RIO form a 
reference voltage for the sensors Rl and Ra. 

An error in the direction of a low ratio of lamp 
brightness to ambient brightness causes the output of 
the error amplifier in integrated circuit Ul to ramp up. 
This, in turn, causes the output duty cycle and conse- 
quently the power delivered to the lamp to increase. 
The lamp power will increase until the bridge is bal- 
anced and the error voltage is reduced to zero or, alter- 



MTB4N50. The drain of transistor Q3 is connected to 
line A, and the source is connected to a 220 ohm 
grounded resistor R7. The junction of Zener diode CR5 
and resistor R4 is connected through a 13 kilo-ohm 
resistor R8 to the junction of resistor R7 and the source 
of M0SFETQ3. 

The dynamic load circuit is best viewed as a two 
terminal device with a unique volt/ampere characteris- 
tic. The circuit is configured such that the current 



nately, until the power reaches its maximum value, as 10 shunted to. ground is high at low voltages and low at 



shown by the curves of FIG. 3. 

Alternately, if the bridge is unbalanced in the direc- 
tion of a high ratio of lamp brightness to ambient bright- 
ness, the error amplifier in integrated circuit Ul will 
ramp down, reducing the output duty cycle and the 
lamp power until the bridge is again b^anced. Accord- 
ingly, it can be seen that the bridge is configured to 
maintain the lamp power at that value required to estab- 
lish a constant ratio between the resistances of photo- 
sensors Rl and Ra, and consequently a constant ratio 
between lamp brightness and ambient brightness. The 
particular ratio is set by the potentiometer R9 which 
establishes the reference voltage at pin 18 (V^f)- 

The only function of capacitors C2 and C3 is to re- 
duce ripple and noise at the bridge output to a level 25 
which is tolerable to the error amplifier in the inte- 
grated circuit Ul. Resistors R12 and Rll are incorpo- 
rated to limit the maximum and minimum lamp bright- 
ness, as represented by the curves of FIG- 3. Resistor 
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high voltages. This requires that the impedance of the 
circuit be negative over some portion of its operating 
region, that is, the circuit is such that the current de- 
creases over part of its operating region with increasing 
voltage. This characteristic is shown, for example, in 
the curve of FIG. 4. 

The foregoing is accomplished by creating a two- 
stage inverting DC amplifier with a low impedance load 
and a defined off-set voltage. Transistor Q2 and resistor 
R6 form a grounded emitter high gain mverting stage, 
and MOSFET Q3 which forms the second stage is a 
source follower with low output impedance and a gain 
of one. Zener diode CR£f establishes the offset voltage. 
Resistor R4 forms the amplifier input resistor, and resis- 
tor R8 forms the feedback resistor, whereas resistor R7 
forms the load resistor. 

For high voltages, in the linear negative impedance 
operating region, transistor Ql is neither cut off nor 



Ru'is used to set the minimum light brighiness, which 30 f^^ ^^i'if t°^^ amplifier is 



is necessary if the contrast were maintained at a con- 
stant level down to total darkness, the lamp would also 
be totally dark. In general, a minimum lamp brightness 
is required, no matter how low the ambient light level 



approximately equal to — R8/R4. In this region, the 
dominant current in the circuit is the current through 
load resistor R7 which is proportional to the amplifier 
voltage. Now, since the amplifier output voltage with 



may become. Similarly, resistor RU is incorporated for 35 '^"^^S input voluge the total circuit current must 



the establishment of a maximum light brightness which 
permits the power requirement to be limited in the case 
of extremely high ambient light levels. 
The function of thermistor RT is to limit the upper 



necessarily decrease as the input voltage increases. 

At low input voltages the transistor is cut off and the 
output voltage follows the input voltage minus the 
threshold voltage of MOSFET Q3. For inputs between 



current increases slowly with input voltage at a propor- 
tionality factor of R4-(-R8-hR7 (FIGURE). Once the 
threshold voltage of the MOSFET Q3 is exceeded the 
conductance of the circuit is positive and equal to that 
of load resistor R7, that is, the current increases quickly 
with the increasing voltage at a proportionality factor 
of 
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temperature of the lamp. The power deliverable to the 40 !!^^^!?il!!i?J!f!!!i^. !!?Il^?l°5.!!*,?.!!^J. 
lamp is significantly higher than that which the lamp "* * * " 

can handle at normal ambient temperatures in order to 
allow the rather dramatic fall oft in lamp efficiency 
which occurs at low temperature. If, for any reason, this 
power level were to be delivered to the lamp for a long 45 
period of time and at high ambient temperatures, the 
lamp would overheat and turn off. The function of 
thermistor RT is to reduce the command contrast ratio 
when the lamp temperature approaches its maximum 
operating temperature. SO 

The dynamic load circuit of the present invention is 
shown in FIG. lA, and it enables the power supply to 
present a low impedance to the line power source when 
the input power is turned off. This is so that external 
switch leakage current does not create appreciable volt- 55 
ages at the input terminals. 

The dynamic load circuit includes a 200 kiloohm 
resistor R4, a Zener diode CR5 and a 13 kilo-ohm resis- 
tor R5 connected between the 160 volt DC line A and 
ground. The Zener diode may be of the type designated 60 
IN753A, and may have a rating of 10 volts. The junc- 
tion of the Zener diode and resistor R5 is connected to 
the base of an NPN transmitter Q2, which may be of the 
type designated 2N4401. The emitter of transistor Q2 is 
grounded, and its collector is connected to line A 65 
through a 200 kilo-ohm resistor R6. The collector of 
transistor Q2 is also connected to the gate of a MOS- 
FET transistor Q3 which may be of the type designated 



The values of the various resistors R4, R5. R6, R7 
and R8 and of Zener diode CR5 are selected to insure 
that, over the input voltage region which falls between 
the maximum allowable off-state voltage and the point 
at which the power circuit itself turns on, the current 
required by the dynamic load is greater than that of the 
off-state switch leakage current from the external solid 
state control switch. 

In the foregoing manner, the dynamic load circuit 
achieves its desired purpose of insuring that the power 
supply presents a low impedance to the line power 
source when the power is off, so that external alternat- 
ing current switch leakage current cannot create appre- 
ciable voltages at the input terminals. 

The invention provides, therefore, an improved 
power supply for the luminescent lamp of a pedestrian 
or traffic signal which attenuates leakage current from 
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the extemal switches when the particular lamp is in- stage and a unity gain second stage; and including a 

tended to be turned off, so as to prevent the build-up of circuit connected to said first stage for establishing a 

spunous voltages within the power supply when the defined offset voltage; said high gain invertor first stage 

power supply is in its off sute comprising a transistor having its emitter connected to 

r .^ ^ t*"* "P"t a first resistor having its 

modifications may be made. It is mtended in the claims : „ j „• < t i- j j j 

tn rnvAr oil r«*^;fi..af ^ , •♦I,- *u * '"S a second resistor, a Zener diode and a third resistor 

to cover all modifications which come within the tnie . . , ^ • i ■ 

spirit and scope of the invention. senes^nnected across said mput terminals, the junc- 

I claim: 10 ^ diode and said third resistor being con- 

1. A dynamic load circuit having first and second ^^^^^ ^° ^'^^ "^^^^ transistor, said first resistor 

input terminals for receiving input voltages, said dy- an mput resistor for the amplifier, and said 

namic load circuit including: a load resistor; circuit ^^^^ ^^^^ establishing said defined off-set voltage, 

means connected to said input terminals and to said load ^: The dynamic load circuit defined in claim 1, in 

resistor and having a first operating region exhibiting 15 which said second sUge comprises a MOSFET having 

positive impedance for relatively low input voltages drain connected to said second input terminal, and a 

and a second operating region exhibiting negative impe- fourth resistor connecting its source to said first input 

dance for relatively high input voltages, with the cur- terminal, and having its gate connected to the collector 

rent through said load resistor increasing for increases of said transistor, and a fifth resistor connected between 

of said relatively low input voltages and decreasing for 20 the source of said MOSFET and the junction of said 

increases of said relatively high input voltages, said first second resistor and said Zener diode to form a feed back 

circuit means comprising a two-stage inverting direct for the amplifier, 

current amplifier formed of a high gain inverting first » * • * » 
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Msewld* Moitolate* switching Povw Suppliw 

converted to an ^^^^..^^^^^ ou^ut voltages can be denved by 
SrseSn^^TZ-S^? tJese ac wavefon. a.c 

Aen filtered to provide the dc o-VJ^rK tnaintain a regulated output 
m controUer. whose .f^'f'J^ J^c^^^^^^ is. U.e 

voltage, operates very ^ ampUficr are arranged 

functional blocks. .^^JlJ^jf^"";,^^^^^^ 

identicaUy to those m ^J^^^;^^°^y^ ^icn placed into a voltage-to- 

JJJSch has advantages in certain areas of apphcauon. 

3.1 1 The Fonward-mode Converter 

in« n,, swiuiiing power supply 

Forward-mode regulators *°™*'?^^„f7Mter directly a^^ 

is caUed *e ^«c* re^«»r. mechanical flywheel and a 

IB operauon can ^J^"'^''^^^°xi^^ ,he flywheel, stores energy 

can be approximated by .v 
V«.»Vu.(duty cycle). . ^^ '^ 

into two periods (refer ^°/^e,^\lfZ' , ^e L-C filter. The inductor 
input voltage is presented to the input ^"^ 
aSrent rJps linearly upward and e described as 

(3.2) 



'Uon) 



L 



- + I'lnli- 




Mead 



Rgora 3-1 A basic lon«rd-mode converter (buck convener shov«.». 



3. Pulsewidth Modulated Switching 

Power Supplies 



Xnu^s'over linear regia.on. but they are also much more comphcated 

'°^ht major advantages that can be realized over a "l""^ f^g^ 
a hieher integration ot power functions at a lower weigh . and a ^nsf MUy 
hiaher efficre?^. The disadvantages are higher RH emissions and the fact 
Sit they are more difficult to design and hence require a »on8" J^ign 
ild The designer starting his or her fi«t "-P''^"^ d^^J t"^*;", 
Tboard-level regulator), should expect about a 

Ltiod until a production-grade design can be reteased. TJ^^j' P;^^^ 
S^rtcut methSd of reducing this time by providing to the designer just the 
right information needed for each phase of the design. 

Manv of the technologies involved in the design of switching power 
supp^S a/e unfamiliar to'^.he typical design engineer 
ewlained by looking at the technologies being apphed m modern product 
delrXhel c^terlround microprocessors «.d digitizing of analog sijiaU 
for ,L in "microprocessors. Uttle of this technology a aPP>»«ble in 
S^tcW^g Soi^r supply design. Engineers, whether they want to or not w^ll 
S^^mrof thesi basic technologies in the process of *e lesign Many 
e„7hee« find switching power ^PP^^^^^'^Tl^^^^^^^^ 
peculiar combination of digital, analog, and RF. .^^J"/."' 
Sematic of every successful switching power supply are hundreds of 
puzzles, trade-offs, and frustrated moments. 

3.1 The Fundamentals of PWM Switching Power Supplies 

•n,e operation of switching power suppUes can be "'ati^^^^/" 
iideS. Unlike linear regulators, which operate the PO^^" ^^^^^^^ 
Ae Unear mode, the PWM switching power supply operates «he P«^' 
^rXZ in both the saturated and cutoff states. In ^J^^' 
volt-ampere product across the power transistor is ahvays kept low 
low-V/high-/; cutoff. high-V/no-l). THis product withm the 
Dower device is the loss within all the power semiconductors. 
•^S more efficient operation of the PWM switching power supply is 
acJSedT"c!«>pping" the direct currem (dc) input voltage mto pulses 
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Pulsewdth Modulated Switching Power Supplies 

Vin 




Vout 



Rgoie 3-37 Voltage-mode control. 

voltage error ampUfier that compares the ampUficr's output with the ramp 
volt^e across a timing capacitor. Voltage-mode control has two shortcom- 
ine- it cannot protect against instanuneous overcurrent conditions m the 
power switch due to core saturation, and it exhibiu a sluggish input transient 
response. TTie control ICs also typicaUy have a bipolar-type output dnver 
not readily suitable for power MOSFETs. ..... 

Current-mode control includes an ac current feedback loop m addiuon to 
the voltage feedback loop. It can be recognized by the output of the error 
amplifier being input into a comparator that compares the error voltage 
against the instantaneous power switch current. Now the controUer is able to 
sense an impending core saturation condition or a voltage surge on the 
input. Hence, a current-mode controlled switching power supply is more 
robust and can withstand many factors that formerly caiued a failure withm 
the supply. The current-mode controller can be seen m Figure 3-38. 

The third family of controllers are the variable frequency controllers. 
These are either fixed on-time, variable off-time ot fixed off-tune, variable 




Hgure 3-38 A current-mode controller. 
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on-time TTiese are typically used for quasi-resonant switching power 
s^pSS bm can also used in PWM suppUes. Her* the enor ^plifier 
drives a voluge-controUed oscillator (VCO). wtocb is foUowed by a 
Zlo, timer.^Tliese methods of control are variafons on the voNse- 
mode control and therefore have a poor input ^^^2J'^'^'^"' 
Jtic Three PWM control ICs do use a variable frequency method of 
»„^roV-.he S40. the MC34063. and the MC34163. The gated osctUaior 
S^uS« on wii fixed pulsewidths that ^^^^^I'^^^J^^ 
overcurrent condition and the off-time is used to control *e output wltage. 

One last factor in the selection of a controUer IC b whether it has the 
power transistor integrated on the same die. The latest developments m 
^ler t^ology are bringing ICs with 0.5-5 A ^^^^Zt 
TThis eliminates the need for an external power switch and usually saves 
money. Breakdown voltages of up to 800 V are now available. 

Selection of the controUer should be based upon rht "feds <)f the 
appSSon. n.at is, what features would tenefit the P«;f«« ^f^^^^ 
features render that IC useless? acck carefully items such as low-voltage 
S b B on the IC- a 16 V low-voltage inhibit circuit is useless for an 
T^nStion o^raS^ 12V. and I on^Table 3-7 indudes *e mc«t 
JSJular switching power supply control ICs. For details of their application, 
refer to the respective manufacturers' data sheets. 



3.9 Designing the Voltage Feedback Circuit 

The onlv funcUon of the voltage feedback loop is to hold the output 
S age(s) a. a instant value. Complications arise in areas such as transient 
toad response accuracy of the output(s). multiple outputs, and Bolattd 
outpuB All^ these individually can be nightmares for the designs, but rf 
the design approaches are understood then each factor can be easdy 

***SSrt of the voltage feedback loop is a high-gain operational amplifier 
cal ed an error amplifier, which is nothing more than a high-gam amphfier 
Sit enJaSST dSfe ence between two voltages and aeates an error 
voUage I^^wer suppUes one of these voltages is a reference voltage and 
Ae oSer re^^resenu Se level of the output voltage. D^^ng operauon. the 
output voluge presented to the other input to the error amplifier should be 
Sed dowS to a voltage identical in value to Ae reference voltage in order 
to create a "zero error" output on the error amplifier. . . , j 

m ma or"esign issues surrounding the error ampUfier are that it sbo^d 
have a high gain at dc. which promotes good output ><>«d "gula^on and 
have a g^ high-frequency response, which promotes good transient load 
r«AL*!1l.«e bsue? come under the area of feedback loop compensauon. 
which is covered in detail in Appendix B. the 

An example of an elementary voltage feedbadt apP»'f^°° « 
noSLlated. single-output switdiing power supply. « .«f 
ampUfier cJmpe^tion. then the design is quite sunple l^t us exan^e a 
siti^tion where a 5 V output is regulated and a 2.5 V reference is provided 
within the control IC. This can be seen in Figure 3-39. 

To begin the process, one deddes how much sense current is to be drawn 
through the output voltage resistor divider. For the sake of reasonable 
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C.I Power Factor Correction 

Power factor corrcaion is becoming a very tmportant area in the power 
world. Adding more generating capacity to the world's electrical pool is very 
costly and would consume additional resources. One method of creating 
about 30 percent excess generating capacity is to use the ac power more 
efficiently through the broad use of power faaor correaion. Motors, 
electronic power supplies, and fluorescent lighting consume the majority of 
power in the world and each of these would benefit from power faaor 
correaion. In the mid-1990s, many of the countries of the world arc going to 
adopt requirements for power factor correction for the new products 
marketed within their borders. The added circuitry will add about 20-30 
percent to the cost of power supplies, but the near-term energy savings will 
greatly outweigh the initial costs. 

The term "power faaor" in the field of power supplies is a slight 
depanure from the traditional usage of the term, which applied to reaaive 
ac loads, such as motors, powered from the ac power line. Here, the current 
drawn by the motor would be displaced in phase with respea to the voltage. 
The resulting power being drawn would have a very large reaaive 
component and little power is aaually used for producing work. 

In switching power supplies, the problem lies in the input rectification and 
filler network. The typical input circuit and its associated waveforms are 
shown in Figure C-1. As one can see, the input reaifiers can only condua 
current when the ac line voltage exceeds the voltage on the bulk input filter 
capacitor. This typically occurs within 15 degrees of the crest of the ac 
voltage waveform. The result is current pulses that are 5-10 times higher 
than the expeaed average current draw. This also can lead to distonion of 
the ac voltage waveform and an imbalance of the three-phase power lines 
feeding the circuits. This causes a current to flow within the neutral line 
where no current flow is expected. Another drawback is that no current is 
drawn when the reaifiers are not conduaing, thus throwing away a 
significant portion of the power system's energy capability. 

Power faaor correaion circuits are intended to increase the conduaion 
angle of the reaifiers and to make the ac input current waveform sinusoidal 
and in phase with the voltage waveform. The input waveforms can be seen 
in Figure C-2. This means that all the power drawn from the power line is 
real power and not reaaive. The net result is that the peak and rms current 
drawn from the line is much lower than that drawn by the capacitive input 
filter circuit traditionally used. 

Active power faaor correaion (PFC) circuits take the form of non- 
transfomter-isolated switching power supply topologies, such as buck, boost, 
and buck/boost. The buck topology in Figure C-3 produces an output dc 
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Rgitre C-1 The waveforms of a eapacitive input fitter. 




Hgore &-2 Power factor corrected input 



voltage lower than found at its input whenever the PFC stage is operating. 
In other words, the output voltage is typically in the 30-50 VDC range. This 
can present a problem for higher-powered power supplies, which would then 
draw a large amount of current from the PFC circuit. The boost and the 
buck/boost topologies are popular within the field, since they produce a 
higher dc output voltage than the peak input voltage, which means lower 
average output currents. These are seen in Figures C-4 and C-5. 



Power Factor Correction 



110/220 ^""V-' 
AC volts In 




ir. To Powtr 



Rgure C-3 A buck power factor correction circutt 
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Figure C-4 A buck/boost power factor correction circuit 
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Figure &-5 A boost power factor correction circuit 



The buck/boost develops an output voltage that is negative with respect to 
the input ground following the reaifiers. The cascaded power supply and the 
PFC voltage-sense networks must work with a negative voltage « but the dc 
output. voltage can be independent of the values of the rectified input at 
.waveform. The major disadvantage is the need for a high-side power switch 
and high breakdown voltage requirements for the semiconductors. The 
boost topology has become the most popular. It has a low-^idc power switch 
that is easy to drive. Its only restriction is that the dc output voltage must be 
higher than the highest expected ac crest voltage. This means that for a PFC 
circuit to be useful in all power grids in the world, the output voltage must 
be greater than 390 VDC, and will pass voltage surges onto the load. 
Otherwise, it requires the fewest pans and hence costs the least. 

Control of the power factor correaion stage is a point of debate and* 
battling patents. There are three general methods of control centered 
around the basic current-mode control philosophy. The basic PFC controller 
takes the form shown in Figure C-^. There is a multiplier subcircuit inside 
the control IC that multiplies the instantaneous value of the input full-wave 
rectified voltage waveform with ihe output of the error amplifier. This 
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Hgnre C-6 A generalized typical power factor control IC. 



produces a current Umii signal that makes the input currents follow a 
sinusoidal waveshape. The sinusoidal switched current waveform envelope is 
then filtered by the input EMI filter to produce a 50-60 Hz input current 
wavefonn that is free of switching artifacts. 

There arc three main implementations in the control of PFC arcuiis: the 
fixed-frequency average current sensing method as implemented by Uni- 
iiode under the Pioneer Magnetics patent (Ua854); the fixed "on'' time, 
peak current sensing method by Microlinear (UL4812); and the critical- 
conduction, peak current sensing method used by Silicon General (SG3561) 
and Motorola (MC34261). The latter two methods arc variable-frequency 
methods of control. All the methods produce acceptable power factors as 
specified by the regulatory- agencies at the time of the printing of this book. 
That situation may change if the requirements become tougher. 

The inductor operating mode is a major consideration in designing a PFC 
circuit. The discontinuous mode of operation is typically used for power 
levels less than 200 W. It has high peak currents, which limits its use at the 
higher input power levels. For powers greater than 200 W. the continuous 
mode of operation is used. This lowers the peak currents seen by the power 
switch and output rectifier and is much easier to filter in the EMI filter since 
there are no rapid transitions in the input switched current waveforms. The 
only disadvantage is that the switching losses rise significantly because the 
power switch must force off the output reaifier at the beginning of each 
"on" time period. The choice of output reaifier (low T„) becomes critical to 
the operation of the PFC stage. Some' gallium arsenide rectifiers under 
development may reduce this problem. 

C.1.1 How the Power Factor is Specified 

I strongly recommend engaging a third-party EMI testing house to test your 
company's products. The minimum level of test equipment required to test 
for the faaors discussed is very expensive and there is a learning period 
involved. 

The following discussion is based upon IEC555 prerelease drafts. Tne 
limits presented in this specification may change prior to its release. Also the 
United States and Canada arc developing specifications of their own that 
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will probably follow the guidelines presented by IEC55S but may contain 
additional requirements. This is a developing field, so be aware of the most 
recent specifications at the time of your product release. 
The real power delivered to a load is given by 

= Vi„/in cos « (CI) 

where 

<f> o Power Factor - ^ , '^'"f"" (C.2) 

Real power + Reacuve power 

In terms of strictly reactive passive loads, the pDwer faaor is the resulting 
phase between the voltage and the current wavefonns. In power supplies 
though, it is the time during which the current is flowing that is related to 
the conduaion angle of the input rectifiers. Power faaor is measured from 0 
to 1 where 1 means that all the power is used by the load. The typical 
capacitive input filter found in power supplies has an average power faaor 
ofO.5-0.7. 

!n running the tests, a power analyzer must be used such as the Voltech 
PMIOOO, PM1200, or PM3000. An audio spearum analyzer is also needed 
to measure the amplitude of the hannonic components of the ac current. 
The total input voltage and currents are given by 

^nnKiotti) = V V^uuUma) + ^t(ma) + ^f(ni») • • • (C.3) 

and 

'nnsdoul) = ^^/fimdCnnO + ^tttmi} + /^m») • • • (C.4) 

where the subscripts 1.2,... indicate the harmonics. In power supplies the 
third harmonic is by far the largest and therefore the largest problem. 
Harmonics cause problems because, in a pure sense, only the fundamental 
current frequency produces real power, so that the reduction of harmonics 
produces a better power factor. 
A term used in PFC is totai harmonic distortion. This is defined as 

THD = Alfmtt *** /^(nm) * • • 
'mu(coul) 

and it is an indication of the performance of a PFC circuit. 

From the power analyzer or the spearum analyzer* one can measure the 
amplitude values needed to verify compliance with the PFC specifications. 
At the time of publishing, only IEC555-2 had been made public and iu 
limits are given in Table C-I. These limits must be measured with an USN 
(line impedance stabilization network) as specified by the regulatory 
agencies. This makes the input power line a 500 impedance and serves the 
basis of all of these tests. The test results are highly dependent upon, the ac 
line impedance. 

Some comments on the design of PFC circuits, Fmu the EMI filter is an 
integral part of any PFC circuit. It filters out the switching noise from the 
input current waveform. Without an EMI filter, your produa will fail the 
EMI/RFI tests which are in addition to the power faaor tests. Refer to 
Appendix E for the design of an EMI filter. Secondly, using a variac during 
the ineasurcments will affea the input line impedance and thus affea the 
validity of the data you are trying to measure. Variacs usually make the data 
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Table C-1 IECg5-2 (1889) Harmon ie Cnrrent Umhi ICIass A) 

. ~ Absolute Limits 

(Amps RMSJ 

Harmonic 



2 
3 
4 
5 
7 
9 

15<n<39 



1.08 
2.30 
0.43 
1.14 
0.T7 
0.44 
0.15(15/n) 



bcncr than it really is. TOrtily. aU voltage measurements must be 
differential and use the specified currcnt-mcasunng apparatus. 



C2 A Universal Input 180 W, Active Power Factor 
Correction Circuit 

This desien example demonstrates the design process of a 180 W 
S^nSX-mode'boost PFC circuit. It can be s«led to provide output 
JTers up to 200W. TTie PFC stage is desipied to work from every 
Sidential ac power system in the worid, that is, from 85 to 270 VRMS at 50 
and 60 Hz without the need for a jumper. 

Design specification 
AC input voltage range: ™^ 

AC line frequencies: JS">$d?-kioV 

Output voltage: 400VDC±10V ^ 

Input power factor at rated load: >98 pen»nt 

Total hannonic distortion (TOD): Under IEC555.2 limits 

Predesisn considerations ^ , . 

Eving a rating less than 200W has many benefitt for a power fa«or 
conection stage. The major benefit is that it can operate m Oie discon- 
tinuous mode. In higher-power PfC designs the conunuous inode must be 
employed, which presents a significant loss within the aimt due to the 
recovery time of the output rectifier. In faed-frequency 
discontinuous-mode PFC controllers there is.stiU a penod when the arcuu 
^tSsTn the continuous mode (^.<approx. 50V). By empoymg a 
eridcal conduaion-mode controller, the designer can guarantee that the 
continuous mode is never entered. 
The first consideration is to determine the peak ac mput voltages. 

nOV input: 

Kw««n. = l-4W10V) = 155.5 V. 
^«,hi, = 1.4W30V) = 183.8 V. 

240 V input (Britain— worst case): 

V^^i = 1.414(240 V) = 339.4 V. 
t^u.H., = 14W{2TOV) = 381.8 V. 
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Power Factor Correction 

The output volUge should be higher than the highest anticipated input peak 
crest voltage. The output voltage of the PFC stage is chosen to be 400 VDC. 

The maximum value for the peak inductor current will occur at the crest 
voltage of the minimum. expected ac input voltage. This is 

l;414(2)(Four(r.ted))/(e£U)(Vi„(min)nns) 

= 1.414(2)(180 W)/(0.9)(85 V^,) . ' 

= 6.6 A. 

Inductor design 

In designing the boost inductor, one would designate the point of reference 
as the crest voltage of the minimum expected ac input voltage. For any set 
of operating conditions with this method of PFC control, i.e., fixed load and 
ac input voltage, the "on" time pulsewidth remains constant over the entire 
half-sinusoid waveform. To determine the **on" time at the minimum peak 
ac input voltage one evaluates the following: 
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^iii-ac(niin) 

R = 3.3. 



1.414(85 V™,) 



The maximum "on" time that occurs at this point is 

R 3.3 



' on(max) 



7(1 + R) (50kHz)(l + 3.3) 
= 15.3 ^ts. 

The approximate maximum value of the boost inductor is 

^ ronfa„)(V2Vto.^„Un))'(eff) 
2^out(mw) 



(lS.3/is)(1.414(8SV^ 
. 2(180 W) 



.)(0.9) 



»5S2/iH. 



The power winding of the inductor (transformer) must support not only 
the maximum average input current but the output current as well. The wire 
gauge of the winding should be 



iW(nuui-av) 



eff(^in(nni)) K>ut 



180 W . 180W 

= 2.8 A. 



(0.9)(85V„„.) 400 V 

The wire gauge to accommodate this average current would be #17 AWG. I 
will use three strands of #20 AWG (which adds up to the same wire 
cross-sectional area), which is more flexible during the winding process and 
will help reduce the ac resistance of the winding due to the skin effect. Also, 
owing to the high voltages present within the same winding, I will be using 
quad-thickness insulation to reduce the threat of intertum arc-overs. 

I am selecting a PQ core style. A major concern is the length of air-gap 
required for various core styles in unipolar applications. The larger air-gaps 
(>50mils) cause excessive electromagnetic radiation into the immediate 
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environment, thus making it harder to filter RFI. To reduce the air-gap, one 
needs to find a ferrite core with the largest core cross-sectional area for a 
given core size. The PQ core has this characteristic. Refcmng to the W.Ac 
vs. power charts provided by Magnetics, Inc., the resulting PQ core part 
number is P^3220-XX. (XX is the gap length in mils.) 
The approximate air-gap needed in the core is 

b.4irI./pitX lO* 



i4c^ 

0.4ii<5S2mH)(6.6A)x10» 
' (1.70cm^)(2000Gr 



> 66 mils. 



Ut us make the air-gap 50 mils, which is a custom air-g^. Magnetics has no 
problem with this practice and usually adds only a couple of percent to the 
core cost. The inductance factor (ylj for diis core with diis gap is estunated 
at 160mH/1000 turns (using a linear extrapolation of Ai. reduction vs. 
air-gap length). 
The number of turns needed for this inductance is 



N= 1000 



/I 



55 mH 



160 mH 



59. turns. 



Checking to see whether the core wiU support this many turns (neglecting 
the auxiliary winding area): 

jU, ^ (S9)(0.471mm-) ^ sj^^r. 
Wa 47 mm- 

Designing the auxiliary winding. The auxiliary winding wiU have the 
low-frequency (1(K)-120 Hz) variation on its output peak rectified voltage, so 
the controUer filter capacitor needs to be large to minimize the droop m the 
V„ of the controUer. The highest flyback-mode rectified voluge wiU occur at 
low input voltages and will be of the form 

W as — '— , 

This ac waveform is seen in Figure C-7; ^ . ^ u 

The MC34262 has a high-side driver damp of 16 VDC, so m order to keep 
the high-side driver dissipation to a minimum, the peak voltage of the 
rectified auxiliary voltage should be around 16 V. Determine the turns ratio 
needed for this from 

^J59)(i6V^^ 2.5 turns. 
(400 V -30 V) 




Hgure C-7 Hie rectified ac wavefofm present on the auxillaiv winding. 
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I wUl make this winding three turns because of concern about low ac line 
operation. I will use one strand of #28 AWG heavy insulated magnet wire. 

The capacitor needed to filler this voltage with approximately 2V of 
voltage ripple is 

^ _ /ddToff (2SmA)(6ms) 
^^"""^ Vnppic 2.0 V 

= 75 /iF-make 100 /xF @ 20 VDC. 

Transformer construction 

The two-winding transformer will be constructed by fint winding the 59 
turns of the three strands of #20 AWG quad-thickness magnet wire onto the 
bobbin. Then place two layers of Mylar tape. Then the three turns for the 
auxiliary winding, and lasdy three layers of Mylar tape. The internal layers 
of tape are to discourage any arcing that may occur due to the high voltages 
between the primary winding and the auxiliary winding. See Figure C-8. 

Designing the start-up circuit 

I will use a passive resistor for starting up the control IC and to provide 
current to the gate drive of the MOSFET. For the resistor I need to use two 
resistors placed in series, since the 370 V peak on the rectified mput is 
comparable to the breakdown voltage of the resistors themselves. The 
start-up resistors will charge the 100 mF bypass capacitor and the subsequent 
energy stored in the capacitor must be sufficient to operate the control IC 
for the 6 ms before the worst-case rectified peak voltage from the auxiUary 
winding is available to operate the IC. The start-up voltage threshold 
hysteresis is 1.75 V minimum. Check whether the bypass capaator is large 
enough to surt the circuit before the turn-off threshold is reached: 

(25mA)(6ms) 

V'drop - c = 
= 1.5V-OK. 

I would Uke to keep the dissipation less than 1 W at the high input voltage 
line. To do this one needs to determine the maximum current that should 
pass through the start-up resistors. 




figure C-8 Construction of the PFC boost inductor. 
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The total resistance is then 

Make the total resistance about 100 kCl or two 47 kH, k W resistors. 
Designing the voltage multiplier input circuit 

The maximum specified limit of the input to the multipher (pm 3) is 2.5 V. 
This level should be the peak value of the divided rectified input waveform 
at the highest expected ac input voltege at the crest of the sinusoid (370 V). 
If a sense current of 200 M is selected at this point, the resistor divider 
becomes 

/?bcno« = ^ 12.5 kfl-make 12 kfl. 

^bottom 200 mA 

The true sense current is 2.5 V/12 K = 208 ^A- 
The top resistor becomes 

,370V-2.SV 
208 mA 

Make this two resUtors in series each with a value of 910 k^- 

TTie power ratings of these resistors are /» = (370 V)^/!. 76 MO or 0.8 W. 
Each resistor should have J W power rating. 



Design of the current sensing drcuit 

The current sense resistor should be sized in order to reach the 1.1 V current 
sense threshold vohage at the low ac input voltage. The value then becomes 

1 IV 

A leading edge spike fUter of 1 kO and 470 pF will also be added before 
inputting the cuaent signal to pin 4. 

Designing the voltage feedback circuit 

For the output voltage sense resistor divider, selecting the sense current as 
200 mA, the lower resistor becomes 

D = = = 12.5 kn— make 12.0 kfl. 

W 200 mA 

This makes the true sense current 2.5 V/12 K =. 208 fiA. 
The upper resistor is 

(400V-2.SV)^ 
«upp.r 208 mA 

Make this resistor a iMfl and a 910 kfl resistor in series, each with a 
I W rating. 

The compensation of the voltage error amplifier should be a smgle-pole 
rolloff with a unity gain frequency of 38 Hz. This is required to reject the 
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fundamental line frequencies of SO and 60Hz. Tie feedback capacitor 
around the voltage error amplifier becomes 



^ 1 

" lirfR^r " 27T(38H2)(1.82Mn) 



= 0.043 mF. ot 0.05 mF. 
Desienine the input EMI filter section 

I J2 a second-order, conunon-mode ater. THe "."l^'^^^S 
an input-conducted EMI for diis power fattor corrccnon araut « its 
variable frequency of operation. TTie lowest utttantaneous frequeng of 
Oration occurs at the crests of the sinusoid voltage waveform TTus is 
S Ae ^ requires the longest time to completely discharge the 
The estimated frequency of operation was 50 kHz. so I wdl use dus as an 

T"g:li1S°^?nrt?assume tiiat I wiU need 24 dB of attenuation at 
50 kHz. This makes the comer frequency of the common-mode filter 

where Att is the attenuation needed at die switching frequency in negative 
dB. 

= (50 kHz) 10t-"'">= 12.5 kHz. 

Assume that a damping factor of 0.707 or greater is good and provides a 
-alHteLuation at L'comer frequency, and doesnot pn, uce no.se du 
to rindne Also assume that the input hne unpedance is 50n smce tne 
Sr?' agencies use an LISN test that makes the line ^^"^ 
SuiSiu^ Slculating the values needed in the common-mode mductor and 
"Y" capacitors: 

, RrC (50n)(Q.7g7) _^ „ 
^ = 1^ ir(l2.5kHz) 

^ i L, -_ = 0.18mF.. 

^ = (2^^)^ ~ l2iK12.5kHz)l'(90OMri) 

Reai-world considerations do not aUow a capacitor of this large a value^The 
UraesT viurcapadtor that will pass the ac leakage current test is 0.05 mF. 
K TiZof die calculated capacitor value, so the inductor must be 
Ta !!^ oercent of its former value in order to maintam the same 

^oStTfEen chokes (^nsformers) 

CoUcralt onen on wc » gj^^^ ^ I 

and the part "^''"^tf ^d^^eS^een^^^^^^^ of 500 kHz and 

-Se I find I need additional 
K I JlTaddTu^^^ order to *e filter design by using a differential- 

thematic of the resulting power factor correction circuit is given in 

Figure C-9. 
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Hgure C-9 The schematic for the 180 W power factor circuit (with EMI filter). 



C.2.1 Printed Circuit Board Considerations 

The unit in which this power factor correction circuit resides is going to be 
marketed everywhere in the world. The toughest safety requirements are 
issued by VDE in Germany. Here the creepage distance, or the distance that 
an arc must travel over a surface, is 4.0 mm for those signals that are 
opposite phases of an ac power line up to 300 Vnn,- This means that there 
must be 4.0 mm spacing between traces of HI and H2 (Hot and Neutral), 
and their rectified dc signals. Also there must be a 4.0 mm (minimum) 
surface distance between the windings on the input conunon-mode filter 
transformer and between high and low pins of the flyback inductor. The 
spacing of the 400 V output must be more than 4.0 mm from all other traces 
carrying less voltage. The creepage between any earth ground trace and the 
other traces must be more than 8.0 mm. 

All current-carrying traces should be as wide and as short as possible. 
One-point grounding practices between the input, output, and low-level 
grounds should be done at the ground side of the current sense resistor. 
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magnetic material should be used in the enclosure construction. The 
material should be iron, steel, nickel, or Mu metal. For plastic enclosures, 
there are an assortment of conductive paints that can be used to add 
EMI/RFI shielding to the case. Also, any vent openings may need magnetic 
screening covering the openings. 

The philosophy of any EMI shield is to encourage eddy currents to flow 
within the surfaces, thus dissipating the noise energy. Also, the overall 
enclosure should act as a gaussian enclosure where , there is good electrical 
conduction totally around the enclosure. Thus removable hatches and 
enclosure members need very good electrical conduction around their 
peripheries. RF gasketing is sometimes used in particularly troublesome 
cases. 

Leads that enter or exit the enclosure should ideally have their associated 
EMI filters at the point of entry or exit from the enclosure. Any unfiltered 
leadlengths that run within the enclosure wiU pick up noise inductively 
within the case and allow it to exit the case, thus making any EMI, filtering 
less effective. Likewise, any unfiltered leads within the case will radiate any 
transients from outside the case into the case. This can adversely affect the 
static discharge susceptibility of the entire product. 



E*4 Conducted EMI Filters 

There are two types of input power buses: dc power buses, which are 
single-wire feeds such as found in automobiles and aircraft; and ac, two-, or 
three-wire feed systems such as found in ac power systems. The design of 
the EMI filter for dc systems is covered in Section 3.12 and takes the form of 
a simple L-C filter. All the noise is common-mode between the single power 
wire and the ground return. The ac filter is much more complicated to 
design because of the parasitic behavior of the components involved. All 
noise testing requires very expensive test equipment and is best done by a 
third-party EMI/RFI testing company. 

To design a filler for the input of a switching power supply, the designer 
first needs to know which of the regulatory specifications is appropriate for 




Figure E-4 VOE limits on radiated EMI. 
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BgtifeE-6 VDE limits on conducted EMI. 

Se entire product must ^^}ZS "<S^^re^micmtn^ are appropriate 
The marketing department JouW to^^ ^ ^^^^^ j he m.^ 

for the target market It .s W » S for produce » be 

stringent specification that « appU«bte to y vDE 
sold in the European ^f^^ the conducted limiu are sho^ 

„<UatedU.mu are^*ownm F^^^^^^^ equipment marketed m mdustrtal 

•jL^Sen^ an?Sss\areforr^^^^^ high- 
The purpose of an input <»"^"«f .^^^priate noise source is mainly 
frequen'cy^ise inside *f '^^^J' ^^^J^^^^^ input/output (I/O Imes 
the switching P°-"X in«™i"|^^^ microprocessors, .ns.de the 
is to keep noise from any inicm 
case. 

Design of the Common-mode RIter ^^^^^^ 

The common-mode ^^er es^n-Uy ^XaTrHl and H2). T^c 
between the two power '»n««./™V^^ ^ of Rgure E-^. 
oommon-mode filter ^^cmauc js sho^^P^^ ...Snsfonner" are out of 
m the common.mode filter 7£«^J«,re cancels for those signal 

phase. The result is tha /he flax any noee that 

Lt are equal and °PP^'^°" ^^eT un^U coupled through the core and 

is different between ^^^^wed ""pass through the filter. 

"shorted out." thus not bemg aUowed^"^ Vr i„gh 
The problem in d«>6"'"Bj,^/"2X filtering, the ideal charactens- 

frequendes. where one wants "^^^ ^eir parasitic charactensuo. 

tics'of the ""P""'^"^ ".%:!Z cS2««c.^^ 

The major parasitic « the '"r^^S " 

is the small level of f f *V„*Sk behaves like a capacitor. Tbis 
voltage difference (volts/turn) Jf^*^^*^^. shunt around the wmAng 
capadtor, at high frequency. ^^-^^^JL^ " around the windings The 
and allows more Wg^-frequency ac cm^^^ called the 

frequency a. which th« »««»«^PJ^f^ between the wmdm^ 

self-resonance of the winding. A tanK oreu. 
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figure E-6 A complete third-order, input EMI fitter (common-mode and dtfferential-mode). 

inductance itself and this distributed interturn capacitance. Above the 
self-resonance point the capacitance becomes larger in value than the 
inductance, which then reduces the level of attenuation at high frequencies. 
The effea of this within the common-mode filter can be seen in Figure E-7. 
Its effect can be reduced by purposely using a larger X capacitor. The 
self-resonance frequency is the point in Figure E-7 at which the greatest 
possible attenuation for the filter is exhibited. By choosing the winding 
method of the transformer, one can locate this point on top of a frequency 
that needs the greatest filtering, such as a harmonic peak in the unfiltered 
system noise curve. 

Another area of concern is the Q of the filter at self-resonance. If the Q is 
too high — in other words, if the damping factor is loo low — the filter will 
actually generate noise in the form of narrow-band ringing. This can be 
dealt with during the design. 

Some major transformer manufacturers build standard off-the-shelf com- 
ponents used in the design of common-mode filter transformers, such as 
Coilcraft.* TheS^e transformers have various inductance values and current 
ratings, and also provide the needed creepage dimensions. This can make 
the designer's job a lot easier. 

The initial common-mode filter component values can be determined in a 
step-by-step process (like everything else in this book). To begin this 
process, either a baseline measurement of the unfiltered conducted noise 
spectrum is needed, or some assumptions need to be made, in order to 
determine how much attenuation is needed and at what frequencies. 
Obviously, making the measurement will yield a good result (with minor 
tweaks) the first time. Assuming on paper that one needs a particular filter 
response may lead to additional "fudging'* of the circuit on the test table. 

A reasonable beginning is to assume that one needs about 24 dB of 
attenuation at the switching frequency of the switching power supply. This, 
of course, should be modified in response to the actual conducted noise 
spectral shape. One determines the comer frequency of the 2 pole filter 
from 
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Rgura E-7 Frequency response of a second^)rder conitnon^node fitter (I - 1 mH). 



or 

/,=/.wXlO«^"'*'> 

where /c is the desired comer frequency of the filter 

/.« is the operating frequency of the power suppjr 

For this example, the switching frequency is ^^-^^ » ^inf is 
comer frequency to produce -24 dB of attenuation at this point is 

/, = (50kHz)xlO<-^«' = 12.5kH2. 

One assumes that the line impedance is 50n (because that is the USN 
test im^dance). This impedance is then the damping element within the 
reactive filter circuit. 

Choosing the damping factor , ^ , mm i -« than 

The minimum damping factor (0 shouW be no ^.'^^ ff"^^^^ 

that would allow ringing to occur and produce less than 3 dB of attenuation 
at the comer frequency. 

Calculating the Initial component values 

■ R.C (50n)(0.707) _^ „ 
~iTc~ iT(12-5kHz) 



1 L_ 



(2ii/e)'L " (2Tr(12.5kH2)r(900MH) 



0.18 mF. 



ChoMlne "real-worid" available components . 
SeT^est^ue of capacitor that is available in the 4 kV vo tage ratmg « 
J^5 TOfis 27 perLnt of the calculated value. In order for the comer 
frequency to remain the same, the induaor value shojJd be ".irea^d by a 
facJor of 3.6. TTiis would make the value 3.24 mH. Tie damping factor « 
dSy proponional to the value of the inductance, so the resultant 
damping factor is 2.5. which is accepuble. 



Noise Control and Electromagnetic Interference 



The closest CoUcraft common-mode inductor part i\umber is E3493 and 
its self-resonance frequency is 1 MHz. The calculated capacitors are what 
are typically called "T* capacitors. These are placed between each phase 
and the earth ground and must meet the fuU HIPOT test voltage of 
2500 Vro,. "X" capacitors are placed between the power lines and need only 
meet the 250 V„o, rating of the power line and be able to withstand any 
surge that may be anticipated. Choosing the valu^ of the X capacitors is 
mainly arbitrary and they usually faU in the 0.001-O.5 mF range. 
. One can reasonably expect this filter to provide a minimum of 60 dB of 
attenuation between the frequencies of 500 kHz and 10 MHz. 

Once the component values have been calculated, the physical construc- 
tion of the transformer and the PCB layout become critical for the 
effectiveness of the filter stage. Magnetic coupling due to stray inductive 
pick-up of high-frequency noise by the traces and components can circum- 
vent the filter altogether; added to this is the fact that the common-mode 
filter choke looks more and more capacitive above its self-resonance 
frequency. The net result is that the designer needs to be concerned about 
the high frequency behavior of the filter typically above 2(M0 MHz. 

Physical layout of the PCB b important. The filter should be laid out in a 
linear fashion so that the input portion of the filter is physically distant from 
the output portion. Large, low-inductance traces should also be used, but 
keeping in mind the creepage requirements of the regulatory specifications. 

Sometimes the high-frequency attenuation is insufficient to meet the 
specifications and a third pole has to be added to the EMI filter. This filter is 
typically a differential-mode filter and will share the Y capacitors from the 
common-mode filter. Its corner frequency is typically the same as that of the 
common-mode filter. This filter is made up of a separate choke on each 
power line, and is placed between the input rectifiers and the common-mode 
filter. 

The differential-mode filter should have a lower dampmg factor than the 
common-mode filter because the combined damping response of the entire 
filter section would be too sluggish if higher damping factors were used. A 
minimum damping factor of 0.5 is acceptable. 

Calculating the difTerential-mode choke value 

, (50fl)(0.5) _3.o^H 

^;^"2ir(12.5kHz)-^'^^"- 

The addition of this stage of filtering will bring the very high frequency 
attenuation under control and further attenuate any differential-mode noise 
on the earth ground lead. It will also produce a combined attenuation of , 
-36 dB at the switching frequency of the power supply. 

Real-world considerations 

If one builds the inductive elements instead of buying off-the-shelf parts 
from a manufacturer, the following guidelines are common industry 
practices. 

Common-mode chokes (transformers) 

1. A loroid is best for this application because it produces very few stray 
magnetic fields. 
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2. A high permeabiUty ferrite is used sudi as the W material from 
Magne:ics, Inc. which has a penncability of 10000. 

3. If an E-E core is used (a common choice), there should be no air-gap 
and the mating surfaces of the cores must be polished. Any surface 
imperfections would lower the permeability. 

4. The bobbin should be a two-section bobbin and should not be 
completely filled with windings. A 2 mm space from the outside surface 
of the bobbin is required for the 4 mm creepage requirement of VDE. 

Differendal-mode chokes 

1. These are wound on separate cores (not mutually coupled). 

2. Use a powdered iron material such as available from MicroMetals. 

3. Bar cores are typically used because of cost. 
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Power Factor Controllers 

The MC34261/MC33261 are active power factor controOers spedficaOy 
designed (or use as a preconverter in electronic baOast and in ofMine power 
converter app&cations. These integrated circuits feature an internal startup 
timer, a one quadrant muftiptier for near unity power factor, zero current 
detector to erisure critical conduction operation, h^h gain error amplifier, 
trimmed internal bandgap reference, current sensing comparator, and a 
totem pde output ideally suited for driving a power MOSFET. 

Aiso included are protective features consisting of input undenraltage 
lockout with hysteresis, cyde-by-cyde current Gmiting. artd a latch for single 
pulse metering. These devices are available in duaHn-Cne and surface 
mount plastic packages, 
internal Startup Ttmer 
One Quadrant Multiplier 
Zero Current Detector 
Trimmed 2% Interrml Bandgap Reference 
Totem Pole Output 

Undervoltage Lockout with Hysteresis 
Low Startup and Operating Current 
Pinout Equivalent to the SG3561 
Functional Equivalent to the T0A4817 
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ORDERING INFORMATION 



Devlee 


Operating 
Temperature Range 


Package 


MC34261D 


Ta o 0^ to ♦70*C 


so-e 


MC34261P 


Plastic DIP 


MC33261D 


TA»-40°tO465*>C 


so-a 


MC33261P 


mastJcDIP 



MOTOROLA ANALOG IC DEVICE DATA 



eMetarab.tncl996 



Ravi 
1 



MC34261 MC33261 



MAXIMUM RATINGS 





Symbol 


Vhlue 


Unit 










Total Power Supply and Zener Currenl 


(Icc*'z) 


30 


mA 










Output Current Source or Sink (Note 1) 


lO 


500 


mA 










Current Sense, Mulliplier, and Voltage Feedback Inputs 


Vtn 


-1.0 to 10 


V 










Zero Current Detect Input 
High State Fonvard Current 
Low State Reverse Current 


kn 


50 
-10 


mA 










Power Diss^ion and Themial Characteristics 
P Suffix. Plastic Package Case 626 
Maxtmuffl Power Oisslpatian 9 Ta " 70^ 
Thermal Resistance. Jundion-to-nAIr 
0 Suffix. Plastic Package Case 626 
Maximum Power Dissipatian 9 Ta ° 70"C 
Thermal Resistance, Junctlorv-to-Air 


Pd 
RaiA 

Pd 

RftlA 


600 
100 

450 
178 


mW 
«CW 

mW 

•c/w 










Operating Junction Temperature 


Tj 


0-150 


•c 










Operafing Ambient Temperature (Note 3} 
MC34261 
MC33261 


Ta 


OtO •••70 
-4010465 


•c 










Storage Temperature 


Trtg 


-SStoo-ISO 


•c 










ELECTRICAL CHARACTERISTICS (Vqc * 12 V, tor typical values Ta - 25«C. for mm/mm values Ta Is the operating amUent 
temperature range that applies (Note 3). unless othenwtse noted.) 


Characterictie 




Symbol 


1 Hln 


1 TVP 


Max 


\ UnH 


ERROR AMPUHER 


Voltage Feedback Input Threshold 
Tao25«C 

Ta « Ttow to Twgh (Vcc » 12 V to 28 V) 


Vfb 


2.465 
2.44 


2.5 


2.535 
2.54 


V 


Line Regulation (V<x » 12 V to 28 V. Ta » 25«C) 


Regsne 




1.0 


10 


mV 


Input Bias Current (VpQ n 0 V) 






-03 


-1.0 


jiA 


Open Loop Voltage Gain 


AvOL 


65 


65 




dB 


Gain Bandwidth Product (Ta - 25«C) 


GBW 


0.7 


1.0 




MHz 


Output Source Current (Vq 4.0 V. VpB » 2.3 V) 


'Source 


0.^ 


0^ 


0.75 


mA 


Output Vohage Swing 
High State (Isource * 0.2 mA, VpB ° 2.3 V) 
Low State (Isink = 0.4 mA. VpB » 2.7 V) 


VoH 

Vol 


5.0 


5,7 
2.1 


2.44 


V 


MULT1PUER 


Dynamic Input Vdtage Range 
Multiplier Input (Pin 3) 
Compensation (Pin 2) 


Vpin3 
Vpin2 


oto^5 
Vfb to 

(VfB*14) 


0 to 3.5 

Vfb to 
(Vfb*i^ 




V 


Input Bias Current (V^ » 0 V) 


(IB 




-OS 


-1.0 


pA 


MutlipOer Gain (Vpjn'a m 0.5 V, Vp^ 2 - Vp© ♦ 1.0 V) (Note 2) * 


K 


0.4 


0.62 


0.8 


1/V 


ZERO CURREKT DETECTOR 


Input Threshotd Voltage (V{n tnoea^) 


Vth 


1^ 


1.6 


1.6 


V 


Hysteresis (Vjn Decreasing) 


Vh 


40 


110 


200 


mV 


Input Ctamp Voltage 
High Slate (IDET- 3.0 mA) 
Low State (Idet " -3.0 mA) 


V|H 
V|L 


6.1 
0.3 


6.7 
0.7 




V 



NOTES: i.MaiiimmpaetoBopoiiMrdiulpaiiQnIm&srmistbeobsefved. 
Pln4ThrBSho(dWtaae 
Vpi„sCVpta2-V^ 



S-Ttow • 0XfQrl<C342Sl JtMt • ♦7(rcearMC34261 
o -40*CfforMC33261 e 465% for MC33261 
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ELECTRICAL CHARACTERISTICS (Vcc« 12 V. tor typica! values Ta" 25"C. for mWmax vaJues Ta is the operating ambient 

temperature range th at applies (Note 3). untesa otherwise noted.) 

Charaetertrtc | Symbol | MIn | TVp | Mai . | Unit 



CURRENT SENSE COMPARATOR 



Input Bias Current (Vpfn 4 0 V) 






-0^ 


-2.0 


pA 


tnput Offset Votlage(Vpin2*V1 V, Vpin3«0V) 


vto 




3.5 


15 


mV 


Delay to Output 


tPHLOn/oul) 




200 


400 


ns 


DRIVE OUTPUT 


Output Voltase (VcC - 12 V) 
Low State {\sink = 20 mA) 
OSink- 200 mA) 
High State ((Source ° 20 mA) 
('Source " 200 mA) 


VOL 
VOH 


1.8 
9.8 
7.8 


0.3 
2.4 
10.3 
8.3 


OA 

3.3 

8.8 


V 


Output Vbttage (Vcc « 30 V) 
High State Osouice » 20 mA. Cl ° 15 pF) 


VO(max) 


14 


16 


18 


V 


Output Voltage Rise Time (Ct s i .0 nF) 


tr 




50 


120 


ns 


Output Vbttage PaO Time (C^ • 1-0 nF) 


«l 




50 


120 


ns 


Output Voltage with UVLO Activated (Vqc » 7.0 V. Isink 1 0 mA) 


VOH(UVLO) 




0^ 


OA 


V 


RESTART TIMER 


1 Restart Time Delay 


tDLY 


ISO 


400 




PS 


UNDERVOLTAOE LOCKOUT 


Startup Threshold (Vqq Increasing) 


Vth 


9.2 


10.0 


IOlB 


. V 


Minimum Operating Voltage After Turn-On (Vqc Decreasing) 


^Shutdown 


7,0 


8.0 


9.0 


V 


Hysteresis 


Vh 


1.75 


2.0 


2.5 


V 


TOTAL DEVICE 


Power Supply Current 
Startup (Vcc -7.0 V) 
Operating 

Dynamic Operating (50 kHz. Ct « 1.0 nF) 


icc 




0.3 
7.1 
9.0 


0.5 
12 
20 


mA 


Power Supply Zener Voltage 


Vz 


30 


36 




V 



NOTES: i.MaKtinumpackaga power d hti p atton Bmlafmmbft 00^^ 
Pin4Thfeshotd>teB«0e 

^'^^ Vpin3(Vpin2-VFB) 



3.T|ow - 0^lorMC34261 o «70%lorMC34261 

e -40%(orMC33261 b 465%forMC33261 



Figure 1 . Current Sense Input TTireshold Rgure 2. Current Sense Input Threshold 
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Figure 3. Voltage Feedback Input Threshold 
Change versus Temperature 
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Rgure 4. Error Amp Open Loop Gain and 
Phase versus Frequency 
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Figure 5. Error Amp Small Signal 
Transient Response 



Figure 6. Error Amp Large Signal 
Ttanslent Response 
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Figure 7. Error Amp Output Saturation 
versus Sink Current 
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Figure 6. Restart Time Delay versus Temperature 
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Figure 9, Zero Current Detector Input Threshold FIgur 10. Output Saturall n Voltage 

Vbttage Change versus Temperature versus Load Current 
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Figure 13. Supply Current versus Supply Vbttage 
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Figure 14. Undervottage Lockout Thresholds 
versus Temperature 
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FUNCTIONAL DESCRIPTION 



Introduction 

Most electronic baHasts and switching power supplies use 
a bridge rectifier and a fflter capacitor to derive raw dc voltage 
from the utility ac line. This simple rectifying circuit draws 
power from the line when the instantaneous ac voltage 
exceeds the capacitor's voltage. This occurs near the line 
voltage peak and results in a high charge current spike. 
Since power is only taken near the fine voltage peaks, the 
resulting spikes of current are extrmely nonsinusotdal with a 
high content of hamionics. This results in a poor power factor 
condition where the apparent input power is much higher 
than the real power. 

The MC34261. MC33261 are high perfomiance, critical 
conduction, current mode power factor controllers 
spedftcaOy designed for use in ofMine active preconverters. 
These devices provide the necessary features required to 
signlficantty enhance poor power factor bads k>y ke^nng the 
ac Gne current stnusotdal and in phase with the Gne voltage. 
With proper control of the preconverter, almost any complex 
toad can t>e made to appear resistive to the ac line, thus 
significantly reducing the harmonic current content 

Operating Description 

The MC342G1. MC33261 contains many of the bulkling 
ttocks and protection features that are emptoyed in modem 
h^h perfomiance current mode power supply controllers. 
There are. however, two areas where there is a major 
difference when compared to popular devices such as the 
UC3842 series. Referring to the block diagram in Figure 15. 
note that a multiplier has t>een added to the current sense 
loop and that this device does not contain an osdOator. A 
description of each of the functional blocks is given below. 

Error Amplifier 

A fully compensated Error Amplifier with access to the 
inverting input and outpyt is provided. It features a typical dc 
voltage gain of 85 dB. and a unity gain bandwidth of 1.0 MHz 
with 56* of phase margin (Figure 4). The nortinvertirtg input is 
internally biased at 2.5 V ±2.0% and is not pinned out The 
output voltage of the power factor converter is typically 
divided down and monitored by the inverting input The 
maximum input bias current is -1 .0 pA which can cause an 
output voltage error that is equal to the product of the input 
bias current and the value of th^ upper divider resistor R2. 
The Error Amp Output is internally connected to the MuttipBer 
and is pinned out (Pin 2) for external k>op oompensatbn. 
Typically, the t>andwidth is set below 20 Hz, so that the Error 
Amp output voltage is relatively constant over a given ac line 
cyde. The output stage consists of a 500 pA current source 
puO-up with a Darlington trarisistor puOnlown. It is capat>le of 
swinging from 2.1 V to 5.7 V, assuring that the Multiplier can 
be driven over Its entire dynamic range. 

Mirttlpller 

A single quadrant, two input multiplie'r is the crittcaJ 
element that enables this device to control power factor. The 
ac haverstnes are monitored at Pin 3 with r spect to ground 
while the Error Amp output at Pin 2 is monitored with respect 



to the Voltage Feedback Input threshold. A graph of the 
MultipGer transfer curve is shown in Figure 1 . Note that both 
inputs are extremely linear over a wide dynamic range. 0 V to 
3.2 V for the Multiplier input (Pin 3). and ^5 V to 4.0 V for the 
Error Amp output (Pin 2). The Multipfier output controls the 
Current Sense Comparator threshold (Pin 4) as the ac 
voltage traverses sinusoidalty from zero to peak line. This 
has the effect of forcing the MOSFET peak current to track 
the input fine voltage, thus making the preconverter load 
appear to be resistive. 

Pin 4 Threshold ■» 0.62(Vpin 2 - VFB)Vpin 3 

Zero Current Detector 

The MC34261 operates as a critical conduction current 
mode controller, whereby output switch conduction is 
initiated by the Zero Current Detector and terminated when 
the peak inductor current reaches the threshold level 
established by the MultipOer output The Zero Current 
Detector initiates the next <ff>-time by setting the RS Latch at 
the infant the inductor cun'ent reaches zero. This critical 
conduction mode of operation has bwo significant benefits. 
First since the MOSFET camu>t turn on until the inductor 
current reaches zero, the output rectifier's reverse recovery 
time becomes less critical aOowing the use of an inexpensive 
rectifier. Second, since there are no deadtime gaps between 
cycles, the ac Grte current is continuous thus Gmiting the peak 
switch to hvice the average input current 

The Zero Current Detector indirectly senses the inductor 
current by monitoring when the aunliary winding voltage fails 
t>etow 1 .6 V. To prevent false trip^ng. 11 0 mV of hysteresis is 
provided. The Zero Current Detector input is internally 
protected by two clamps. The upper 6.7 V clamp prevents 
input overvoltage breakdown wHIe the tower 0.7 V damp 
prevents substrate injection. Device destruction can result if 
this input is shorted to ground. An external resistor must be 
used in series with the auxifiafy winding to Dmit the cun^nt 
through the damps. 

Currant Sense Comparator and RS Latch 

The Current Sense Comparator RS Latch configuration 
ensures that only a single pulse appears at the Drive Output 
during a given cyde. The inductor current is converted to a 
voltage by inserting a ground referenced sense resistor R9 in 
series with the source of output switch Ql. This voltage is 
monitored by the Current Sertse Input and compared to the 
Multiplier output voltage. The peak inductor current is 
controlled by the threshoM voltage of Pin 4 where: 

. Pin 4 Threshold 



With the component values shown In Figure 16. the 
Current Sense Comparator threshold, at the peak of the 
haversine varies from 1 .1 V at 90 Vac to 100 mV at 268 Vac. 
The Current Sense Input to Drive Output propagation delay is 
typically 200 ns. 
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Timer 

A watchdog timer hinction was added to the IC to efiminate 
the need for an external osdOator when used in stand alone 
applicatioris. The Timer provides a means to automaticaDy 
start or restart the preconverter H the Drive Output has been 
off for more than 400 us after the inductor current reaches 
zero. 

Undarvottage Lockout 

An Undervoltage Lockout comparator guarantees that the 
tC is hjOy functional before enabling the output stage. The 
positive power supply terminal (Vqc) ^ mortltored by the 
UVLO comparator with the upper threshold set at 10 V and 
the lower threshold at 8.0 V (Figure 14). In the standby mode, 
with Vqc At 7.0 V. the required supply current is less than 
0.5 mA (Figure 13). This hysteresis and low startup current 
allow the implementation of efficient bootstrap startup 
techniques, making these devices Meally suited for wide 
input range off Gne preconverter applications. An internal 36 
V damp has been added from Vqq to ground to protect the IC 
and capadtor C5 from an overvoltage condition. This feature 



is desirable if external circuitry is used to delay the startup of 
the preoonverter. 

Output 

The MC34261/MC33261 contain a single totem pole 
output stage spedftcaOy designed for direct drive of power 
MOSFETs. The Drive Output is capable of up to ±500 mA 
peak current with a typical rise and faO time of 50 ns with a 
1.0 nF load. Addittonal internal circuitry has been added to 
keep the Drive Output in a sinking mode whenever the 
Undervoltage Lockout Is active. This characteristic 
efimtnates the need for an external gate pulMown resistor. 
The totem pole output has been opttmtzed to minimize cross 
cortduction current during high speed operation. The addition 
of two 10 fi resistors, one in series with the source output 
transistor and one in series with the sink output transistor, 
reduces the cross conduction current as shown in Figure 12. 
A 16 V damp has been incorporated into the output stage to 
limit the high state Vqh. This prevents rupture of the 
MOSFET gate when Vqc exceeds 20 V. 



Table 1. Design Equations 



Notes 


Calculation 


Formula 


Calculate the maximum required output power. 


Required Converter Output Power 


Pb^Vote 


Calculaled at the minimum rec^lredacGnefor 
regulation. Let the efficiency n s 0.85. 


Peak Inductor Current 




Let the ewftehing cyde t s 20 MS. 


Inductance 


a(-^-vse)vaca 

L = ^— — — — ^— 
VoVlBC(U.)lL(p|i) 


tn theory the on-time ton ^ constant In practice tgn 
tends to increase at the ac line zero crossings due to 
the charge on capacitor Ca* 


Switch On-Time 


^ „Vi.c2 


The ofMime toff is greatest at peak ac Ene and 
approaches zero at the ac Dne zero crossings. 
Theta (6) represents the angle of ■ 
the ac line voltage. 


Switch Off-Ttme 


V»n 
Vo 

_ ii 1 

N/2VaclSinej 


The minimum switching frequency occurs at peak ac 
tine and increases as toff decreases. 


Switching Prequerwy 


ton + toff 


Set the current sense threshold Vqs to IX) V lor 
uraversal input (85 Vac to 265 Vac) operation and 
to 0.5 V (or fixed input (92 Vac to 138 Vte. or 
184 to 276 Vac) operation. 


Peak Switch Current 


B vcs 

Rg„_ 

"L(pk) 


Set the mulUpfier Input voltage Vm to ao V at high 
Gne. Empirically adjust Vm for the lowest distortion 
over the ac Bne range while guaranteeing startup at 
minimum fine. 


MultipSer Input Voltage 


Vac >/2 


The ItB error term can be minimized with a dlvUer 
current in excess of 1(X) pA. 


Converter Output Voltage 


vo-v«,(-^*i)-i,bR2 


The t>8ndwidth is typicaUy set to 20 Hz for minimum 
output ripple over the ac One haversine. 


Error Amplifier Baiufwhflh 


BWa 

R1R2 



The foQowlng conveiter charstxertaics must be tfnsen: 



Vq- Desired output voluge Vac - ACRMSInevottage 

IQ - Desired output ouirent VSac(U4- ACRMSkwOnavoSage 
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Figure 15. 80 W Power Factor Controller 
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Power Factor Controller Test Data 









AC Une Input 












DC Output 














Current Hannontc Dtstortion (%) 














Vfms 


Pm 


PF 


THD 


2 


3 


5 


7 


VO(pp) 


vo 


k) 


PO 


n(%) 


90 - 


, 85.6 


-0.998 


2.4 


Oil 


0.52 


1.3 


0.67 


10.0 


230 


0.350 


80.5 


94.0 


100 


85.1 


-0.997 


5.0 


013 


1.7 


2.4 


1.4 


iai 


230 


0.350 


80.5 


94.6 


110 


04.8 


-0.997 


S3 


0.12 


2.5 


2.6 


1.5 


10.2 


230 


0.350 


80.5 


94.9 


120 


84.5 


-0.897 


S£ 


ai2 


3.2 


2.7 


1.4 


10.2 


230 


0.350 


80.5 


95.3 


130 


84^ 


-0.996 


6.6 


0.12 


4.0 


2.8 


1.5 


10.2 


230 


0.350 


80.5 


95.6 


138 


84.1 


-0.995 


7.2 


0.13 


4.5 


3.0 


1.6 


10.2 


230 


0.350 


80.5 


95.7 



Thte data was taken wfth the tssi tel-i9 i^wwn in RgufB 17. 



T u CoQerafiriGBBl-A 

Pilmafy: 62 turns el i 22 AWQ 
Sooontfary: 5 turns of • 22 AWQ 
Care: CoBcfafi PT2S10, S 25 
Qa(>: OilTr total tor a prtmary Muexance el 320 (iH 
KaatsMi a AAVID Engineering tflC.S903B.arS930a 
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Power Factor Controller Test Data 









AC Unebtptit 










DC Output 














Current Harmonic Distortion (%) 
















Pm 


PF 


THD 


2 


3 


5 


7 


VO(PP) 


vo 


to 


PO 


n(%> 


90 


1675 


-0.998 


2.0 


0.10 


0.98 


0.90 


0.78 


8.0 


400.7 


0.436 


174.7 


932 


120 


184.6 


-0.997 


1.8 


0.09 


1.3 


1.3 


0.93 


8.0 


400.7 


0.436 


174.7 


94.6 


138 


163.6 


-0.997 


2^ 


0.05 


1.6 


1.5 


1.0 


8.0 


400.7 


0.436 


174.7 


65.2 


180 


161.0 


-a995 


4.3 


0.16 


2.S 


2.0 


1.2 


6.0 


400.6 


0.436 


174.7 


95.6 


240 


179.3 


-0.993 


6.0 


0.08 


3.7 


2.7 


1.4 


8.0 


400.6 


0.436 


174.7 


97.4 


268 


178^ 


-0.992 


6.7 


0.16 


2^ 


3.7 


1.7 


8.0 


400.6 


0.436 


174.7 


97.8 



Thb (Ma was taken wim Ihft tast sei-up tiumn in Figure 17. 



T - CoaeraftN2860-A 

Primary: 78 turns of f 16 AWQ 
Sooondaiy: 6 turns ol f 18 AWQ 
Corr. CoBofBft Pr42lS. EE 42-15 
Oip: ai04' total (or a prtmary inductance of 870 itH 
Haatstnk o AAV© Enginficrfng tnc 5903B 
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FIgur 17. P werFaet rT stSat-Up 




Eanh 



An filter is required tor best performance when eom^^ 
such aslhe De&a Qectrooics 0UPCG5 work exceDenLThe 

fflodetrafts&vmer. Transtonner (T) tsa CeOcrafl CMT3-28*2«r^ 28 mH naniiTuim inductance and a 2j0 A fflaximumcu^ 



Figure 18. Soft-^tait CtrcuK 
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Startup oveishooi can be efimbuted «fih the 
addiSon ol a Sofl-Start drcuiL 



Rgure 19. Error Amp Compmsatlon 
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MC34261 MC33261 
OUTUNE DIMENSIONS 
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DECLARATION OF PETER A. HOCHSTEIN 
I, Peter A. Hochstein, hereby declare as follows: 

1 . I am the named inventor on the above-identified appUcation, which was filed to 
reissue my U.S. Patent 5,661,645 ("the original '645 patent"). I am therefore famiKar with the 
technical disclosure of the present application and the original *645 patent; citations herein to the 
disclosure are to the patent. I have also read numerous references that have been used fi-om time 
to time in rejections of claims presented in the above-identified application, including U.S. 
Patent 5,075,601 to Hildebrand, U.S. Patent No. 5,463,280 to Johnson, Brown, M., Power 
Supply Cookbook, 1994, pp. 25, 26, 72, 73, and 195-225 (Motorola Series in Solid State 
Electronics; Butterworth-Hememan), and the Motorola data sheet for the MC 34261 controller. 

2. I am the same Peter Hochstein who submitted the Declaration of Peter Hochstein, . 
dated December 1, 1998, in Relume Corp, v. Dialight Corporation at al. Case No, 9S-CV- 



72360, the U.S. District Court final decision reported at 63 F.Supp.2d 788 (E.D. Mich. 1999) 

("the previous Hochstein Declaration"). 

. Specificatio n Description of Embodiments of Claimed Invention 
3 . I am informed that claim 24 as set out below is being submitted in a Prel im inary 

Amendment in the above-identified application concurrently with this Declaration: 

Claim 24. A power supply assembly for powering light emitting diodes (LEDs) in an 
outdoor line-connected signal, comprising: 

an electrical input for coupling to a source of a.c. Une voltage through a soHd state trafSc 
controller switch for providing an electrical input voltage having an operating range when 
the switch is on; 

a rectifier coupled to the electrical input and having a rectifier output; 

a line voltage regulating switchmode power supply having a power supply input coupled 
to the rectifier output and a power supply output; 

a plurality of LEDs coupled to the power supply output and having multiple current paths 
for emitting light in response to the power supply ouQ)ut; and 

a conflict monitor compatibility circuit including a low impedance load and a transistor in 
series connection with the low impedance load, the transistor being biased as a switch 
having an essentially nonconductive condition whenever the electrical input voltage is 
within the operating range and an essentially conductive condition if the electrical input 
voltage drops below a predetermined value lower than the operating range, wherein the 
transistor in the essentially conductive condition couples the low impedance load to the 
electrical input for shunting lealcage current fi-om the solid state trafSc controller switch 
when the switch is off. 

4. I have compared this claim to the disclosure of the above-identified application, and I 
find that the disclosure describes an embodiment of a power supply assembly having all of the 
features recited in claim 24. The following chart explains in detail where in the appUcation 
describes an embodiment of each of the features in claim 24. 



Claim 24 


Disclosed Embodiment 


A power supply assembly for powering 
light emitting diodes (LEDs) in an outdoor 
line-connected signal, comprising: 


A power supply assembly 10 connected to an a.c. 
line voltage powers a light emitting diode array 
signal 12. Col. 5, lines 1 1-13; Fig. 5. 
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an electrical input for coupling to a source 
of a.c. line voltage through a solid state 
traffic controller switch for providing an 
electrical input voltage having an operating 
range when the switch is on; 


The assembly 10 includes an electrical input 22 
coupled to the a.c. power line through a solid state 
switch that provides operating voltages from 85 to 
140 volts (a nominal 120 volt-a.c. line). Col. 5, 
lines 15-18, col. 6, lines 27-30; Figs. 5, 6a, 6b. 


a rectifier coupled to the electrical input 
and having a rectifier output; 


A full wave rectifier 32 is coupled by lines 30 to the 
electrical input 22 and has an output 34. Col. 5, • 
lines 35-39; Fig. 5. 


a line voltage regulating switchmode power 
supply having a power supply input 
coupled to the rectifier output and a power 
supply output; 


A line voltage regulating switchmode power supply 
38 has an input coupled to the rectifier output 34 . 
and an output 42,44. Col. 5, lines 41-54; Fig. 5. 


a plurality of LEDs coupled to the power 
supply output and having multiple current 
paths for emitting light in response to the 
power supply output; and 


A plurality of LEDs 16 coupled to the power supply 
output 42,44 have multiple current paths and emit 
light in response to the power supply output. Col. 5, 
lines 5-10, col. 6, Imes 24-27; Fig. 5. 


a conflict monitor compatibility circuit 
including a low impedance load and a 
transistor in series connection with the low 
impedance load. 


A circuit 24 includes a low inipedance resistor 60 
connected in series with a transistor Q2. The circuit 
24 "eliminates problems with conflict monitors." 
Col. 6, lines 57-62, col 7, lines 12-15, 46-50; Figs. 
5, 6a, 6b. 


the transistor being biased as a switch 
having an essentially nonconductive 
condition whenever the electrical input 
voltage is within the operating range and 


The bipolar transistor switch Q2 is off ("essentially 
nonconductive") whenever the traffic controller 
switch is on to provide the nominal 120 volts (with 
a range of 85-140 volts) at the electrical input 22 so 
that a Zener diode D5 reverse-conducts from 
cathode to anode. Col. 7, lines 45, 63-67; Fig. 6b. 


an essentially conductive condition if the 
electrical input voltage drops below a 
predetermined value lower than the 
operating range, 


The transistor Q2 is on ("essentially conductive") if 
the electrical input 22 drops below 40 volts (lower 
than the 85-140 volt operating range) and prevents 
the Zener diode D5 from conducting in the reverse 
direction. Col. 7, lines 53-60; Fig. 6b. 


wherein the transistor in the essentially 
conductive condition couples the low 
imnedance load to the electrica] inniit for 
shunting leakage current from the solid 
state traffic controller switch when the 
switch is off 


"If the Zener diode D5 does not conduct, the 
transistor Q2 is turned on to place the load resistor 

voltage [from the solid state switch] to drop below 
10 volts." Col. 7, Unas 18-30, 59-62; Fig. 6b. 



5. I am informed that the Preliminary Amendment also presents claims 28 and 32 
similar to claim 24, except that the "line voltage regulating switchmode power supply" of claim 
24 is replaced in claim 28 by "a switchmode power supply for maintaining current and voltage 
waveforms substantially in phase and for providing a regulated current output with respect to 
variations in the input line voltage " and is replaced in claim 32 by "a switchmode power supply 
for improving poor power factor, whereby the power supply provides essentially constant current 
at a power supply output with respect to variations in line voltage input, and whereby current and 
voltage waveforms are maintained substantially in phase." Embodiments of these power 
supplies, which are conventional, are generally described at column 5, lines 42-57, of the original 
'645 patent. 

6. I am informed that the Preliminary Amendment also presents the following claim 44 
in the above-identified application: 

Claim 44. A conflict monitor compatibility circuit for use in traffic and pedestrian 
signaling applications, comprising: 

a plurality of LEDs for emitting light in response to an electrical input adapted to be 
coupled to a source of a.c. line voltage through a solid state traffic controller switch for 
providing an electrical input voltage having an operating range when the switch is on; 

a transistor biased as a switch that has an essentially nonconductive condition whenever 
the electrical input voltage is within the operating range and an essentially conductive 
condition if the electrical input voltage drops below a predetermined value lower than the 
operating range; and 

a low impedance load in series connection with the transistor, wherein the transistor in 
the essentially conductive condition couples the low impedance load to the electrical 
input for shunting leakage current from the solid state traffic controller switch when the 
switch is off. 



It will be readily apparent from the above discussion of claim 24 that the present application 
contains a description of an embodiment of the circuit recited in claim 44. 



7. I am informed that the Preliminary Amendment also presents dependent claims with 
the following features. 

Claim 46. The assembly according to claim 24, 28, or 32, wherein the conflict monitor 
. compatibility circuit further includes a sensor for providing a control output if the 
electrical input voltage drops below the predetermined value and a control element for 
switching the transistor to the essentially conductive condition in response to the control 
output. 

Claim 47 The assembly according to claim 46, wherein the sensor is a Zener diode that 
conducts in a reverse direction only at voltages above the predetermined value. 

Claim 48. The assembly according to claun 47, wherein the control element is a second 
transistor biased as a switch and having a base coupled to the Zener diode. 

8. The chart in paragraph 4 above discusses the Zener diode D5, which in claims 47 and 
48 provides an embodiment of a sensor that switches the transistor Q2 on and off at the same 
predetermined voltage. The control element in the disclosed embodiment is the npn bipolar 
transistor Ql that switches the first transistor Q2 on and off when the transistor Ql is off and on, 
respectively. Gol. 5, lines 4-10, 57-67; Figs. 6a, 6b. I am informed that the Preliminary 
Amendment also presents dependent claims 51-53 similar to claims 46-48, respectively, but 
dependent fi-om claim 44. Accordingly, claims 51-53 also recite structure that is described m the 
context of a preferred embodiment in the disclosure of the present application. 

9. It is my understanding that pointing out where the specification describes preferred 
embodiments of claim features does not limit the claims to those embodiments. Accordingly, the 
above discussion should not be taken as an indication that I believe that the claims are so limited, 
in addition, it should be clear that the phrase "coupled to" used in the claims does not require a 
direct connection between the "coupled" circuit elements. Rather, it refers to the operative 
interconnection between the elements that enables the claimed structure to operate as claimed. 



10. I have noted that Fig. .6a should include a functional connection between the voltage 
sensing means 48 and the controlled load means 50, as represented in Fig. 6b by the circuit.line 
including the resistor 58. See col. 7, lines 57-59. Accordingly, there should be a line between 
these two "means" in Fig. 6a to make the drawings consistent with the description in the 
specification. 

Differences Between Clai ms and U.S. Patent 5.Q75.6Q.1 to Hildehrand 

11 . This discussion focuses on U.S. Patent 5,075,60 1 to Hildebiand ("Hildebrand") and 
the differences between it and the conflict monitor compatibUity circuits in independent claims 
24, 28, 32, and 44. That should not be taken as an opinion on my part one way or the other as to 

. the relevance to those claims of the other references mentioned in paragraph 1 . I will use the 
conflict monitor compatibility circuit recited in claim 24 as representative of the similarly recited 
structure in independent claims 28, 32, and 44. That is, any differences among claims 24, 28, 32, 
and 44 are not specifically relevant to the differences between the claimed invention and 
Hildebrand. 

12. The claimed conflict monitor compatibiUty circuit is an important feature of power 
supply assemblies with signals that are litby LEDs controUed by a soUd-state traffic controller 
switch (as recited in claims 24, 28, 32, and 44) rather than by the long-conventional incandescent 
lamps. Prior art signals include a conflict monitor circuit as a safety feature. This circuit senses, 
if signals being displayed conflict with each other, such as by showing green lights at intersecting 
streets. This can happen if, say, a lightning strike creates a power surge that damages the sohd 
state traffic controller switch and causes it to display conflicting green lights. A conflict monitor 
circuit detects die conflict and initiates remedial action to prevent accidents, such as changing all 



of the signals to a flashing-red mode. However, using existing conflict monitor circuits designed 
for incandescent lamp signals with more modem LED signals can cause false conflict detection. 
The claimed conflict monitor compatibility circuit solves this problem, and also maintains the 
low power consumption that is one reason for lighting traffic signals with LEDs in the first place. 

13. One source of the false-conflict problem is a difference between the electrical 
characteristics of LEDs and incandescent lamps. An incandescent lamp that is switched on has a 
relatively high resistance while generating Ught. When power to the lamp is off, it exhibits a 
much lower resistance (impedance). Conflict monitor circuits sense that a lamp is off when a 
relatively low voltage is present due to the low lamp resistance. When operating properly, the 
conflict monitor circuit detects if the voltages associated with crossing streets' green lights 
exceed a predetermined value, indicating that the green lights for both streets are on at the same 
time. If so, the conflict monitor circuit assumes a traffic controller switch malfunction and 
changes the intersection to an all-flashing-red mode. 

14. LED signals are different because, unlike incandescent lamps, they typically exhibit a 
relatively "high input impedance in the presence of even low currents, such as normal leakage 
currents from a sohd state traffic controller switch that is turned off. These leakage currents do 
not cause a problem with incandescent lamps because mcandescent lamps have a relatively low 
impedance at these low leakage currents. But with an LED traffic signal, the voltage can be 
appreciable even when the traffic control switch is turned off So when LEDs are combined with 
conflict monitor circuits that use elevated voltage to indicate the existence of a conflict (two "on" 
green lights at crossing streets), false conflict determinations can occur even if the traffic 
controller switch is functioning properly. This is because leakage currents, which are present 
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during normal operation of the solid state tramc controller, are not shunted from the conflict 
monitor circuit by LED signals as they would be by incandescent lamps. In other words, a green- 
hght LED signal subjected to leakage currents can create a high- voltage "false positive," which 
the conflict monitor circuit mterprets as a lighted LED, even if it is not in fact lit. See original 
'645 patent, col. 5, lines 15-30; Hildebrand, col. 1, lines 1 1-33. 

15. There were solutions to this problem before the claimed conflict monitor 
compatibility circuit, but none of them enabled full advantage to be taken of the low power 
consumption of LEDs as compared to other types of illuminating devices such as incandescent 
lamps or luminescent (neon or fluorescent) lights. One solution was placing a large capacitor 
across the inputs to the LEDs to absorb the leakage currents. This defeated the purpose of using 
LEDs for their low power consumption because of the reactive power drawn by the capacitor. 
See original '645 patent, col. 5, lines 23-30. Anoflier solution is shown in Hildebrand, which was 
used to reject the claims, but as discussed below, Hildebrand's "dynamic load circuit," like a 
capacitor, also mitigates the advantages of using LEDs in the first place. 

16. The following language in particular distinguishes the claimed invention from prior 
art traffic signal circuitry such as that shown in Hildebrand: 

a conflict monitor compatibflity circuit including a low impedance load and a transistor in 
series connection with the low impedance load, the fransistor being biased as a switch 
having an essentially nonconductive condition whenever the electrical input voltage is 
within the operating range and an essentially conductive condition if the electrical input 
voltage drops below a predetermined value lower than the operating range, wherein the 
transistor in the essentially conductive condition couples the low impedance load to the 
electrical input for shunting leakage current from the solid state traffic confroller switch 
when the switch is off, 

17. The claimed conflict monitor compatibility circuit includes a transistor biased as a 
switch, so that a low impedance load is either out of the circuit (the transistor is in the essentially 
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nonconductive condition), whenever the electrical input voltage is within its operating range, or 
is coupled to the electrical input (the transistor is in the essentially conductive condition), if the 
electrical input voltage drops below a predetermined value lower than the operating range. The 
essentially nonconductive condition thus exists any time the solid state traffic controller switch is 
on, meaning that the electrical input voltage is in its operating range (between, say, 85 and 140 
volts; see original '645 patent, col. 6, lines 27-30, col. 7, lines 63-67). However, if the electrical 
input voltage drops below a predetermined value (say, 40 volts; see original '645 patent, col. 7, 
lines 41-46), which indicates that the solid state trafBc controller switch is off and the sensed 
voltage is due to leakage currents, the transistor is in its essentially conductive condition. This 
couples the low impedance load to the electrical input to reduce the leakage voltage to a value 
that is consistent with the proper operation of the conflict monitor circuit (say 10 volts; see 
original '645 patent, col. 7, lines 47-48). Shunting the leakage current through the low 
impedance load in this manner enables proper operation of the conflict monitor circuit because 
the artificially elevated leakage voltage cannot trigger a false conflict, hi other words, the 
conflict monitor circuit will detect a low voltage (indicative of a low impedance), just as it would 
if the traffic signal used incandescent lamps, thus making prior art conflict monitor circuits 
compatible with LED-lit signals by preventing high-voltage, "false positive" conflict indications. 

1 8. During the pendency of the present application, the Examiner has contended that 
Hildebrand's dynamic load circuit shown in Fig. 1 A corresponds to the present conflict monitor 
compatibility circuit. The Examiner has equated Hildebrand's MOSFET transistor Q3 and 
resistor R7 to the transistor and low impedance load, respectively, of the conflict monitor 
compatibility circuit as claimed in prior versions of claims 24, 28, 32, and 44. 



1 9. Hildebrand's circuit operates in a manner that at first glance might seem similar to 
the claimed conflict monitor compatibility circuit. One of the purposes of Hildebrand's 
"dynamic load circuit" is to deal with leakage currents from a solid state controller switch. Col. 
1, lines 15-18. Hildebrand says that its dynamic load circuit ensures that in a power-off condition 
"external alternating leakage current cannot create appreciable voltages at the input terminals." 
Col. 6, lines 60-65. Finally, Hildebrand recognizes that leakage current can cause a false conflict 
indication. Col, 1, lines 28-41. 

20. But Hildebrand's circuit for solving this problem differs from the conflict monitor 
compatibility circuit claimed in the present application. A major difference between 
Hildebrand's dynamic load circuit and the claimed conflict monitor compatibility circuit resides 
in the transistor coupled to the electrical input, which transistor is "biased as a switch having an 
essentially nonconductive condition whenever the electrical input voltage is within the operating 
range and an essentially conductive condition if the electrical input, voltage drops below a 
predetermined value lower than the operating range." This transistor is different from 
Hildebrand's MOSFET Q3 in both structure and function. 

2 1 . The claimed transistor of the present application is "biased as a switch," and 
Hildebrand's MOSFET Q3 is an amplifier. These are mutually exclusive ways to structure a 
transistor. See, for example, Lovell, B., et al., Lecture 12: 9E103 Electrical Phvsics and 
Electronics. University of Queensland, Nov. 5, 2000, 

http://www.itee.uq.edu.au/~enggl030/lectures/lpeipage/lectl2.pdf#search=%221ecture%2012% 
20transistor%22, last visited October 12, 2006 (copy attached as Exhibit A). As explained in 
Lovell at pages 1 -6, a transistor used as an amplifier is biased to ensure that the transistor 
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operates in a desired current range. Hildebrand's Fig. 4 shows the operating range of the 
MOSFET ampHfier transistor Q3; at column 6, lines 17-36, Hildebrand discusses the circuitry 
that provides the operating characteristics shown in Fig. 4. At page 10, Lovell sums up the 
difference between a transistor amplifier (like Hildebrand's MOSFET Q3) and a transistor switch 
(like that claimed): 

• For an amplifier, we want the transistor to operate in the linear region between cutoff 
and saturation [the dot-dash phantom line in Hildebrand's Fig. 4] 

• For a switch, we drive the transistor between cutoff and saturation regions. 

22. Thus, the claimed circuit operates differently fi-om Hildebrand's. The claimed 
transistor switch is in "an essentially nonconductive condition whenever the electrical input 
voltage is within the operating range." In contrast, Hildebrand's MOSFET Q3 is in an essentially 
conductive condition even in the operating range (nominaUy 1 15 volts a.c, see col. 2, line 32). 

23. This is seen in Hildebrand's Fig. 4, and is described at column 6, lines 11-15: "the 
circuit is such that the current decreases over part of its operating region with increasing voltage. 
This characteristic is shown, for example, in the curve of Fig. 4." In other words, although Q3's 
conductivity varies, it is not in a nonconductive condition whenever the electiical input voltage is 
iii the operating range. The cuirent-voltage characteristic of MOSFET Q3 (the dot-dash phantom 
line in Fig. 4) confirms that Q3 conducts throughout the device's operating region (when leakage 
currents are not present), witii its conductivity increasing linearly as the voltage decreases. It is 
tine that Hildebrand's MOSFET Q3 is conductive in the presence of leakage currents fi-om tiie 
solid state switch contirolling the tiraffic signal (see, for example, col. 1, lines 15-18). But the 
solid line in Fig. 4 shows that Hildebrand's M OSFET is also conductive in the, operatinp rana^ 
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24. I performed tests that further demonstrate the differences between the claimed 
conflict monitor compatibility circuit and Hildebrand's dynamic load circuit. The test results are 
presented in Exhibit 4 to the previous Hochstein Declaration (a copy of Exhibit 4 is attached as 
Exhibits). 

25. Exhibit B directly compares the voltage-current characteristic of Hildebrand's circuit 
with that of the claimed conflict monitor compatibiUty circuit. The plot in Exhibit B labeled 
"HUdebrand Current" was. generated using a circuit built in accordance with Hildebrand's 
disclosure. The voltage and current were measured at the input (the fused circuit lines at the far 
left in Hildebrand's Fig 1 A). That plot closely matches the shape of the voltage-current 
characteristic in Fig. 4 of Hildebrand, in which the MOSFET transistor Q3 is conductive at 
essentially all voltages. In sharp contrast, the plot for the claimed switch-biased transistor/low 
impedance load ("Relume's Current") is conductive at low voltages, but is nonconductive at 
voltages above about 20 VAC. The current and voltage were measured at the electrical input 22 
(downstream of the solid state traffic controUer switch) in a circuit as shown in Fig. 5. 

26. The second plot comprising Exhibit B shows the drastic difference between the 
power dissipated by HUdebrand's circuit as compared to ahnost no power dissipation using the 
claimed circuit. This plot illustrates at a glance that the claimed invention slashes the power 
consumption of Hildebrand's circuit. Hildebrand's low impedance load (resistor R7) remains in 
die circuit, drawing current, even in the operating range. But because the claimed switching 
tansistor is in a nonconductive condition in the operating range (that is, when there is no leakage 
current), the low impedance load is completely out of the circuit during nomial operation. Thus, 
the claimed circuit preserves one of the main reasons for using LEDs in the first place: their low 
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power consumption. For example, at 115 VAC, HUdebrand's dynamic load circuit consumes 
about 2.4 watts, while the claimed circuit would consume only 0.3 watts. Thus, the amount of 
power consumed by Hildebrand's dynamic load circuit during normal operation would be a 
significant fi-action of the total power consumed by an LED trafBc signal, typical ratings for 
which at the time of the present invention were about 14-20 watts. Original '645 patent, col. 1, 
line 62, to col. 2, line 2. Indeed, more recent LED traffic signals are rated as low as 6 watts, 
making the claimed circuit even more advantageous as compared to Hildebrand's dynamic load 
circuit. "ffi-Flux LED Modules - 433 Series Traffic Signals," Dialight Specification Sheet 

http://www.dialight.com/pdfia'ra£5cSignals/MDTS433EXCAL001_A-W.pdf, last visited 
October 12, 2006 (copy attached as Exhibit C). 

27. Another way of comparing the claimed conflict monitor compatibility circuit to 
Hildebrand is to consider whether it would have been obvious to replace Hildebrand's MOSFET 
transistor amplifier Q3 with a switch-biased transistor having the claimed operational properties. 
When viewed fi-om that perspective, it is even clearer that Hildebrand would not have suggested 
the claimed circuit. No prior art document I am aware of suggests making such a substitution, 
nor that it would result in a drastic reduction in power consumption. In fact, there would have 
been little motivation to use the claimed compatibility circuit, with its lower power consumption, 
in Hildebrand's luminescent-tube signal, since the 2.4 watts consumed by Hildebrand's dynamic 
load circuit at the nominal operating voltage is still a relatively small fraction of the power 
consumed by the typical fluorescent or neon lamp. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be tme; and further that the 
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statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title XVm of United States Code, 
and that such willfiil false statements made jeopardize the vaUdity of this application or any 
patent issued thereon. 

Date: Qfl \Z,ZC ^07 

Peter A. Hochstein 
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HI-FLUX,LEi,MODULES 

433 S^H^ TRAFfK 'signals 




A Operating Voltage Range: 

80VAC to 135VAC (120VAC nominal) 

▲ Operating Temperature Range: -40°C to +74°C 

. ▲ Turn-on / Turn-off Time < 75 msec 

A Power Factor > 0.9 

A Total Harmonic Distortion < 20% 

A Meets FCC Title 47, Subpart B, Section 15 
regulations for electrical noise 

A Failed State Impedance > 250K ohm within 300ms 

A Conforms to MIL-STD-810F for blowing rain 

A Conforms to MIL-STD-883, Test Method 2007, 
for mechanical vibration 

A Conforms to MIL-STD-883, Test Method 1010, 
temperature cycling requirements 

A Provided with quicl< connect terminals and spade adapters 

A Written manufacturer's warranty available on request 

A All products traceable by serial number - 



A Luminance uniformity and color uniformity exceed 
ITE VTCSH-LED Circular Signal Supplement 
requirements 

A Transient suppression exceeds ITE VTCSH-LED 
Circular Supplement requirements and meets the 
following standards: 

© NEMATS-2 Sec. 2.1.6 and Sec. 2.1.8 

e> lEC 1000-4-5, 3KV, 2 ohm source impedance 

• ANSI/IEEE C62, 41-2002; lEC 61000-4-12, 
6KV, 200A, lOOKHz ring wave 

A Power supply is confomnally coated for robust 
operation 
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Attorney Docket No.: 9100.2881 REI / = n«f.^ 

U.S. Patent Appln. No. 09/382,702 I J^PR 1 3 /-UU/ wj 
For: POWER SUPPLY FOR LIGHT EMITTING DIODE ARRATf 

Date: April 13,2007 ^^^/^ ^ 

The stamp of the US Patent Office hereon will aclcnowledge receipt of the-^^H^D^^'''''^ 
following: \ 

\ . Amendment and attached Appendrk I 

2. Declaration of Peter A. Hoclisteii^'. with Exhibits A-C 

3. Submission of Amended Di-a^cjjHg, with a new sheet of formal drawings and a ■ 
marked-up copy showing the changes ^ \ 

4. Supplemental Declaration, executed by the inventor 

5. Copy of Form PTO/SB/08B listing two documents from the Amendment Under 
37 C.F.R. § 41 .33 dated October 13, 2006. 
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7 of 7 DOCUMENTS 

RELUME CORPORATION, Plaintiff, v. DIALIGHT CORPORATION ECOLUX 
INC, PRECISION SOLAR CONTROLS, INC., LUMILEDS LIGHTING BV ' 
PHILIPS LIGHTING B V, and HEWLETT-PACKARD COMPANY, Defendants. 

Case No. 98-CV-72360 

UNITED STATES DISTRICT COURT FOR THE EASTERN DISTRICT OF 
MICHIGAN, SOUTHERN DIVISION 

63 R Supp. 2d 788; 1999 U.S. Dist LEXIS 13 1 16 



August 26, 1999, Decided 
August 26, 1999, Filed 

DISPOSITION: [**1] Dialight's, Precision's and Drum, Chicago, IL 
Lumileds' motions for noninfringement GRANTED on 

issue of literal noninfringement as to all asserted claims For ECOLUX, Defendant: Kevin J. Heinl, , Brooks & 

of '645 and '909 patents, Ecolux^s motion for Kushman,PC, [**2] Sbuthfield,MI 
noninfringement GRANTED on issue . of literal 

noninfringement as to ail asserted claims of '645 patent ECOLUX, Defendant: Mark D. Roth, Patrick J. 

but DENIED on same issue as to asserted claims of '909 ^^'^ Pretzel & Stouffer, Chicago, IL. 
patent. Lumileds' anticipation motion GRANTED as to 

cIaimlofW5pfl/e«/andclaimsl-3, 7, 10-12andl6of ^^^^^^lON SOLAR CONTROLS, Defendant: 

'909 patent but DENIED as to claims 2 and 4 of '645 ^""^^"^ ^' ^ Vanderhye, PC, Arlington, 
patent. Lumileds' obviousness motion GRANTED as to 

ohims 2, 4, 5 and 6 of '645 patent and chims 6, 9, 15 and por PRFPTcunM cnr at> ooxt^t.^ 

IS of '909 patent. . 1°' PRECISION SOLAR CONTROLS, Defendant: 



COUNSEL: For Plaintiff: Timothy J. Haller, Robert P. 
Greenspan, Niro, Scavone, Haller & Niro, Chicago, IL. 

For Plaintiff; Edward J. Hood, Clark Hill, PLC, Detroit 
MI. 

For DL^LIGHT, Defendant: Jeffrey D. Weisseraian, 
Thomas L. Shaevsky, Jaffe, Raitt, Heuer & Weiss, Pc' 
Detroit, MI. " 

For DIALIGHT, Defendant: Charles L. Giholz, Surinder 
Sacher, Martin M. Zoltick, Obion, Spivak, McClelland, 
Maier & Neustadt, PC, Arlington, VA. 

For ECOLUX, Defendant: Keith H. Orum, Dvorak & 



Dennis L Levasseur, Thomas G. Cecil, Bod^an, Longley 
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For HEWLETT-PACKARD, LUMILEDS LIGHTING 
PHILIPS LIGHTING, Defendants: John M. DiMatteo! 
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For HEWLETT-PACKARD, LUME.EDS LIGHTING 
PHILIPS LIGHTING, Defendants: James R. Case, Kerr' 
Russell & Webber, PLC, Detroit, ML 
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OPINION BY: John Feikens 

OPINION 
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[*791] OPINION AND ORDER 
Introduction 

Before me is a multi-patent infringement dispute 
between competitors in the light emitting diode ("LED") 
traffic signal industry. At issue are summary judgment 
motions regarding patent noninfringement and validity 
filed by defendants Dialight Corporation ("Dialight"), 
Ecolux, Inc. ("Ecolux"), Precision Solar Controls, Inc. 
("Precision"), Lumileds Lighting BV ("Lumileds"), 
Philips Lighting BV ("Philips"), and Hewlett-Packard 
Company ("Hewlett-Packard"). 

1**3] L Background 

All parties are involved in the design, development, 
manufacture, assembly, and/or sales of LED traffic 
signals. Most traffic signals in the United States use 
incandescent light bulbs, which produce light by heating 
a filament in the bulb's vacuum chamber with electric 
current. The heated filament gives off light. Simple 
incandescence is inefficient, however, since it wastes 
most of the electrical energy it consumes as heat. 

LEDs offer a solution to this problem because they 
do not use a heated filament to produce light. Instead they 
use a tiny piece of specially formulated semiconductor 
material that emits light when an electric current passes 
through it. LEDs have existed for decades, and so has 
knowledge of their energy savings advantage over 
incandescent bulbs, but their use in traffic signals is a 
relatively new application. 

On June 27, 1996, Peter Hochstein, a Relume 
employee, filed a patent application with the U.S. Patent 
Office, in which he claimed a variety of power supply 
inventions, for retrofit LED arrays, i.e., arrays that can 
replace incandescent bulbs in devices originally built for 
incandescent illumination. On August 26, 1997, the 
Patent Office [**4] issued that application as U.S, Patent 
No. 5,661,645 ("the '645 patent"). The '645 patent lists 
Hochstein as its inventor. 

On January 10, 1997, Hochstein filed another patent 
application with the Patent Office, in which he claimed 
various inventions related to a temperature compensation 
circuit for LEDs. This circuit functions as a feedback 
loop to prevent an LED's light intensity from decreasing 
as temperature increases. On July 21, 1998, the Patent 
Office issued this second application as U.S. Patent No. 



5J83,909. The '909 patent lists Hochstein as its inventor. 

Relurae's suit against defendants alleges 
infringement of its '645 and '909 patents. All defendants 
have argued in response that their accused products do 
not infringe Relume's patents. Three defendants - 
Lumileds, Philips, and Hewlett-Packard (collectively 
"Lumileds") - have also argued that Relume's patents are 
invalid and unenforceable in light of relevant prior art 
[*792] Relume did not make available to the Patent 
Office during the prosecution of its patents. Defendants' 
summary judgment motions address these issues. Relume 
has filed no summary judgment motions. 

IL Summary Judgment Standard 

Federal Rule of Civil [**5] Procedure 56(c) 
provides that a summary judgment shall issue "if the 
pleadings, depositions, answers to interrogatories, and 
admissions on file, together with the affidavits, if any, 
show that there is no genuine issue as to any material fact 
and that the moving party is entitled to a judgment as a 
matter of law." A genuine issue of material fact does not 
exist "where the record taken as a whole could not lead a 
rational trier of fact to find for the nonmoving party." 
Matsushita Elec. Indus. Co. v. Zenith Radio Corp., 475 
U.S. 574, 587, 89 L. Ed 2d 538, 106 S Ct. 1348 (1986), 
The movant has the initial burden of showing that no 
genuine issue of material fact exists. See Celotex Corp. v. 
Catrett, 477 US. 317. 323, 91 L Ed 2d 265, 106 S Ct. 
2548 (1986); see also Fed R. Civ. P. 56(c). 

Once the movant meets this initial burden, the 
nonmovant "must set forth specific facts showing that 
there is a genuine issue for trial." Fed. R. Civ. P. 56(e). 
These specific facts must constitute "sufficient evidence 
favoring the nonmoving party." Anderson v. Liberty 
Lobby, Inc., 477 US. 242, 249, 91 L Ed 2d 202, 106 S 
Ct. 2505 (1986). [**6] Evidence that is "merely 
colorable" or "not significantly probative" will not 
demonstrate a need for trial. Id at 249-50. Likewise, 
"the mere existence of a scintilla of evidence in support 
of the [nonmovant's] position will be insufficient; there 
must be evidence on which the jury could reasonably 
find for the [nonmovant]." Id at 252 (emphasis added). 

The essence of the sunmiary judgment inquiry is 
this: "whether the evidence presents a sufficient 
disagreement to require submission to a jury or whether it 
is so one-sided that one party must prevail as a matter of 
law." Id at 251-52. In addressing this inquiry, I must 
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view the evidence, and all reasonable inferences drawn 
from it, "in the light most favorable to the party opposing 
the motion." Matsushita, 475 U.S. at 587, 

HI. Literal Infringement 

In their summary judgment motions, all defendants 
assert literal noninfringement of claims 1, 2, 4, 5, and 6 
of the '645 patent. As to the '909 patent, all defendants 
except Precision ^ assert literal noninfringement of claims 
1 and 10 - the independent claims of that patent. 
Defendants also assert [**7] noninfringement of the '645 
and '909 patents under the doctrine of equivalents. 

1 Precision has not offered noninfringement 
arguments with respect to the '909 patent because, 
in a letter to the court dated January 19, 1999, 
Relume stated that it had chosen not to allege any 
of the claims of its '909 patent against Precision. 
There has been no change m Relume's position 
since. 

For Relume to establish literal infringement, "every 
limitation set forth in a claim must be found in the 
accused product or process exactly." Becton Dickinson 
and Co. v. CR. Bard, Inc., 922 F.2d 792, 796 (Fed Cir. 
1990). Determining literal infringement is a "two-step 
process." Id. As a first step I must determine the. meaning 
and scope of the claims in dispute: a step "more 
commonly known as claim construction." Markman v. 
Westview Instruments, Inc., 52 F.Sd 967, 976 (Fed. Cir. 
1995). The second step requires me to compare the 
construed claims with the product or process accused of 
infringement. [**8] Id. The first step is a question of 
law, see id at 979, while the second step is a question of 
fact, see North American Vaccine v. American Cyanamid 
Co., 7 F.Sd 1571, 1574 (Fed Cir. 1993). 

When construing a claim under the first step, I must 
consider the intrinsic evidence of record: the claim 
language, the specification, [*793] and, if produced, the 
prosecution history. See Markman, 52 F.3d at 979. "The 
appropriate starting point, however, is always with the 
language of the asserted claim itself" Phonometrics, Inc. 
V. Northern Telecom, Inc., 133 F.3d 1459, 1464 (Fed 
Cir. 1998): This is so because "the language of the claims 
. . . defines the bounds of the patentee's exclusive rights." 
Wiener V, NEC Electronics, Inc., I02F3d534 539 (Fed 
Cir. 1996). 

In construing the claim language at issue, I am 



guided by the principle that "claim language is 
interpreted to ascertain the meaning that a person of 
ordinary skill in the art would give to the claims in 
dispute." Schering Corp. v. Amgen, Inc., 18 F. Supp. 2d 
372, 380 (D. Del. 1998) (citing Wiener, 102 F3d at 539). 
[**9] Although words in a claim generally have their 
ordinary meaning, "a patentee may choose to be his own 
. lexicographer and use terms in a manner other than their 
ordinary meaning, as long as the special definition of the 
term is clearly stated in the patent specification or file 
histoiy." Vitronics Corp, v. Conceptronic, Inc., 90 F3d 
1576, 1582 (Fed Cir, 1996), Even when a patentee does 
not give a word a special meaning, the specification still 
I'acts as a dictionary when it expressly defines terms used 
in the claims or when it defines terms by implication." Id. 
As such, the specification is often "the single best guide 
to the meaning of a disputed terra." Id. 

If the intrinsic evidence does not resolve the 
ambiguities of disputed claim language, I may then 
consider extrinsic evidence, such as expert testimony 
regarding how those skilled in the art would interpret the 
disputed claim. See id at 1583. While extrinsic evidence 
may be used "as an aid in arriving at the proper 
construction of the claim," it "may not be used to vary or 
contradict the otherwise unambiguous meaning of the 
claim." Desper Products, Inc. v. QSound Labs., Inc 1 57 
■ F.3dl325, 1333 (Fed Cir. 1998). [*nO] In most cases, 
mtrinsic evidence wiU suffice to resolve ambiguity, and 
so, in those cases, consideration of the extrinsic evidence 
for construction purposes would be "improper." See 
Vitronics, 90 F. 3d at 1583. 

Based on the record before me, I am satisfied that I 
can "independently assess the claims, the specification, 
and if necessary the prosecution history, and relevant 
extrinsic evidence, and declare the meaning of the 
claims." Exxon Chemical Patents, Inc. v. Lubrizol Cofp., 
64 F.3d 1553, 1556 (Fed Cir. 1995). The claims I 
interpret are those the parties have debated with respect 
to their meaning and scope.. I will not refer to any 
prosecution histoiy because no party has placed it in 
issue. I emphasize that my Markman construction of the 
disputed claims serves only to determine the meaning a 
person of ordinary skill in the art would give to those 
claims. See Wiener, 102 F.3d at 539. 

IV. Claim Construction 

A. The '645 Patent 
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Relume's '645 patent describes an apparatus for 
supplying regulated voltage dx. electrical power to an 
LED array. The patent has twenty-three claims,.but only 
claims 1, 2, 4, 5, and 6 are at issue in the parties' 

summary judgment motions. These five claims read as 
follows: 

1. An apparatus for supplying regulated 
voltage d.c. electrical power to an LED 
array comprising: 

a rectifier means (32) 
having an input and an 
output, said rectifier means 
(32) being responsive to 
a.cr power at said input for 
generating rectified d.c. 
power at said output; 

a power factor 
correction converter means 
(38) having an input 
connected to said output of 
said rectifier means (32) 
and an output, said power 
factor correction converter 
means (38) . being 
responsive to said rectified 
d.c. power at said power 
factor correction converter 
means input for generating 
regulated voltage d.c. 
power at said power factor 
correction converter means 
output; and 

an LED array (12) 
having an input connected 
to said output of said power 
factor [*7?4] correction 
converter means (38) for 
receiving said regulated 
voltage dx. power to 
illuminate said LED array 
(12). 



conrecting and voltage regulating 
buck/boost switchmode converter. 



2. The apparatus according to claim 1 
wherein said power factor correction 
converter means (38) is a power factor 



4. The apparatus according to claim 1 
[**12] including an electromagnetic 
interference filter means (28) connected to 
said input of said rectifier means (32) for 
preventing conducted interference from 
feeding back onto a.c. power lines (22) 
connected to said rectifier means input. 

5. The apparatus according to claim 1 
including an adaptive clamp circuit means 
(24) connected to said input of said 
rectifier means (32) for eliminating 
leakage current problems. 

6. The apparatus according to claim 5 
wherein said adaptive clamp circuit means 
(24) has an input adapted to be connected 
to a pair of a.c. power lines (22), a pair of 
clamp circuit output lines (26) connected 
to said adaptive clamp circuit means input, 
a voltage sensing means (48) connected 
across said input of said adaptive clamp 
circuit means (24), and a controlled load 
means (50) connected across said clamp 
circuit output lines (26) and to said voltage 
sensing means (48), said voltage sensing 
means (48) being responsive to a 
magnitude of a.c. voltage at said adaptive 
clamp circuit means input lower than a 
predetermined magnitude for turning on 
said controlled load means (50) to connect 
a low impedance load (60) in said 
controlled load means (50) across said 
clamp [**13] circuit output lines (26) and 
said voltage sensing means (48) being 
responsive, to a magnitude of the a.c. 
voltage at said adaptive clamp circuit 
means input equal to or greater than said 
predetermined magnitude for turning off 
said controlled load means (50) to 
disconnect said low impedance load (60) 
from said clamp circuit output lines (26). 

'645, 13:16 to 14:18.2 

2 My citations to the W5 and '909 patents will 
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be in the form of "patent, column: lines." 
1. Claim 1 

a. "LED array" 

The parties' dispute over claim I's "LED array" 
concerns its configuration and components. Ecolux, 
Dialight, and Precision argue that the "LED array" 
requires a series-parallel configuration of strings of LEDs 
with a ballast resistor ^ in each string. Lumileds supports 
this construction, but also argues that if I reject it, the 
plain meaning of "LED array" requires only a group of 
LEDs forming a complete unit - a broad construction that 
could encompass a single string of LEDs in series or a 
series-parallel configuration. [**14] Relume contends 
that the "LED array" requires a series-parallel 
configuration, but not ballast resistors. 

3 A ballast resistor is a resistor that limits and 
spreads current across a load (here the LED 
array). This "ballasting" function gives the 
resistor its name. 

The parties' proposed constructions all draw on the 
specification of the '645 patent for primary support. ^ 
Ecolux, Dialight, and Precision find their construction of 
"LED array" in a specification passage that describes the 
array's preferred embodiment: "The LED array 12 
includes a plurality of strings of series connected LEDs 
14 with a ballasting resistor 16 (Rl, R2, R3, R4, R5,...) 
connected in each string." '645, 5:5-8. Figure 5 of the 
patent diagrams this preferred embodiment of the array. 
Numeral 12 of Figure 5 labels the LED array as all 
components to the right of a vertical dash line. It also 
refers to [*795] the specification passage relied on by 
the defendants and to the phrase "LED array" in the 
language of claim 1. 

4 The exception is the alternative, plain meaning 
construction offered by Lumileds. 

[**15] Relume finds its proposed construction in a 
different passage of the specification than do defendants. 
That passage describes the preferred embodiment of the 
LED array as "consisting of a large number of 
series-parallel connected LED devices." '645, 6:24-25. 
Relume also relies on the patent's diagrams of three prior 
art LED arrays, all of which depict series-parallel 
configurations, but only one of which depicts ballast 
resistors. From these references - the preferred 



embodiment passage and the prior art diagrams - Relume 
argues that a person of ordinary skill in the art of LED 
airay power supplies would understand the series-parallel 
configuration, but not the ballast resistors, to be a 
necessary part of the claimed "LED array". 

My construction of "LED array" must begin with the 
language of claim 1. See Phillips Petroleum Co. v. 
Huntsman Polymers Corp., 157 F3d866, 871 (Fed. Cir. 
1998). It does not mention series-parallel LED 
configurations or ballast resistors. All that claim 1 
explicitly requires the "LED array" element to have as 
physical structure is I) the LEDs in an array arrangement 
and 2) an input connected to the output of the power 
factor correction [**16] converter means. 

In fact, claim 1 speaks broadly of its claimed 
invention. It states at the outset that it covers "an 
apparatus for supplying regulated voltage d.c. electrical 
power to an LED array." '645, 13:16-17. It fiifther states 
that this apparatus has three major elements: a rectifier 
means, a power factor correction converter means, and an 
LED array. Thus, upon reading claim 1 in its entirety, a 
person of ordinary skill in this art would understand that 
it covers a certain kind of regulated voltage power supply 
for an LED array, but would not necessarily conclude that 
the invention's application was restricted solely to traffic 
signals. To put it another way, the invention described by 
the language of claim 1 is a relatively simple one with 
potentially broad application: any conceivable use for 
regulated voltage LED illumination. 

This point is important because it informs the 
ordinary meaning of the phrase "LED array." By itself, 
the word "array" connotes nothing more than a series or 
orderly grouping of things. Webster's Third New 
International Dictionary (1986) (hereafter "Webster's") 
defines it variously as "a regular and imposing grouping 
or arrangement" and "an [**17] impressive list, series, or 
group of things." 5 The modifier "LED" simply tells the 
reader that the things arranged by the airay are LEDs. 
Together, .then, the words "LED" and "array" have a 
range of ordinary meaning that can cover LED 
configurations as simple as a string of LEDs in a series or 
as complicated as the series-parallel LED strings of the 
'645 patents preferred embodiment. The entirety of claim 
1 does not alter this range of ordinary [*796] meaning. ^ 
Thus, after reading claim 1, a person of ordinary skill in 
the art of LED array power supplies would understand 
the phrase "LED array," on its face, to cover a wide scope 
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of LED configurations, including, but not limited to, the 
simple series and the series-parallel 

5 Relume argues, without reference to a 
dictionary or treatise, that "array" merely means 
"array shaped," "having a two dimensional extent, 
width and height." (PL's Consolidated 0pp. at 12.) 
I reject this definition. Besides being circular and 
at odds with Webster's, it is critically incomplete. 
It does not speak to the ordered nature of arranged 
things that the word array evokes. It is also fails to 
gain Relume what it wants for validity purposes: a 
construction of "LED array" that excludes from 
its scope a single string of LEDs in a series. That 
simple configuration does have a width and a 
height: it is one LED wide and however many 
LEDs high. 

A related point: In its response to Lumileds' 
anticipation motion, Relume raised arguments 
vehemently attacking the use of dictionaries in 
claim construction because they are extrinsic * 
evidence. (See PL's Anticipation 0pp. Mot. at 9.) 
Throughout my opinion, I follow the rule laid 
down in Vitronics, which permits me to consult 
dictionaries and treatises "at any time" in my 
claim construction so long as the dictionary's 
defmition does not contradict the definition 
supplied by the intrinsic evidence of the patent. 
See 90FJdatl584, n.6, 

r*i8] 

6 Some defendants suggest that the reference 
numeral attached to "LED array" limits the 
phrase's ordinary meaning by referring the reader 
to the diagram of the array's preferred 
embodiment, which shows ballast resistors in the 
array. I find this argument impersuasive, however; 
A reference numeral is simply a convenient tool 
for directing the reader to an example of the 
element the patentee has claimed. Had the drafter 
wanted to incorporate the limitations of the 
preferred embodiment into the language of claim 
1, he or she could have done so quite easily with 
words. 

The parties' proposed constructions for "LED array" 
raise the issue whether the specification narrows the 
phrase's ordinary meaning. According to the United 
States Court of Appeals for the Federal Circuit ("Federal 
Circuit"), I "must presume that the terms in a claim mean 



what they say, and, unless otherwise compelled, give fall 
effect to the ordinary and accustomed meaning of claim 
terras." Johnson Worldwide Assocs,, Inc. v, Zebco Corp., 
175F3d 985, 989 (Fed, Cir. 1999). The Federal Circuit 
has identified "two situations [**19] where a sufficient 
reason exists to require the entry of a definition of a claim 
term other than its ordinary and accustomed meaning." 
Id. at 990. "The first arises if the patentee has chosen to 
be his or her own lexicographer by clearly setting forth an 
explicit definition for a claim term." Id. "The second is 
where the term or terms chosen by the patentee so 
deprive the claim of clarity that there is no means by 
which the scope of the claim may be ascertained from the 
language used." Id. This second situation is not at issue 
here because, as I have explained, the phrase "LED 
array" is clear on its face. 

The ballast resistor construction of "LED array" 
proposed by defendants is essentially an argument under 
the first situation. That is, defendants believe that the 
drafter of the '645 patent acted as his/her own 
lexicographer and clearly set forth an explicit defmition 
of "LED array" in the specification that requires ballast 
resistors. At a March 22, 1999 hearing, I stated an 
inclination for a preliminary construction of "LED array" 
that was consistent with defendants' construction. 

After further consideration, however, I am not 
persuaded that I should [**20] adopt their construction, 
which relies entirely on a passage and a diagram that 
describe the preferred embodiment of claim I's LED 
array. It is a fundamental rule of claim construction that 
"references to a preferred embodiment, such as those 
often present in a specification, are not claim limitations." 
Laitram Corp. v. Cambridge Wire Cloth Co., 863 F.2d 
855, 865 (Fed Cir. I988)\ see also Ekchian v. Home 
Depot, Inc., 104 F.Sd 1299, 1302-03 (Fed Cir. 1997). 
Otherwise, "there would be no need for the claims." SRI 
Ml V. Matsushita Elec. Corp. of America, 775 F.2d 
1107, 1121 (Fed. Cir. 1985). 

Claim 1 only requires its array to incorporate one 
component: the LEDs. No additional components are 
therefore necessary. Except for its description of the 
preferred embodiment of the array, the specification of 
the '645 patent teaches nothing different. Its statement of 
the invention's objectives does not mention ballast 
resistors or claim any functional advantage related to 
ballast 'resistors. Perhaps most telling, the preferred 
embodiment passage relied on by defendants is itself only 
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cursory in its reference to ballast resistors; it does [**21] 
not explain what advantage is to be gained by using them 
in the array. From the context of the '645 patent, then, it 
is clear that the drafter did not intend for the preferred 
embodiment's use of ballast resistors to limit the full 
range of ordinary meaning inherent in the "LED array" 
phrase of claim 1. 

Precision attempts to justify a ballast resistors 
requirement on functional [*797] grounds. As this 
argxmient goes, a person of ordinary skill in the art would 
understand ballast resistors to be necessary components 
in any voltage-regulated LED array because, without 
them, a voltage-regulated LED array will not illuminate 
well in all conditions. From an engineering standpoint, 
ballast resistors undoubtedly improve the performance of 
a voltage-regulated LED array. By limiting and spreading 
the current in the array, they help the LEDs maintain a 
more even level of illumination. Yet claim 1 recites no 
limitations on the array's illumination level, nor does it 
recite limitations for limiting and spreading current. 
Because their function is not essential to the claimed 
array, it follows that ballast resistors themselves are not 
essential components for that array. 

Having determined that the "LED [**22] array" of 
claim 1 does not require ballast resistors, the question 
then becomes whether it also requires a certain 
configuration of the LEDs. Relume essentially argues that 
the "LED array" of claim 1 requires a series-parallel 
configuration of LEDs, but not necessarily the exact 
series-parallel example of the patent's preferred 
embodiment. Defendants argue that this constmction 
improperly imports limitations from the specification into 
claim 1. They correctly point out the fundamental 
inconsistency in Relume's objection to a ballast resistors 
requirement, which comes from the specification, and its 
support for a series-parallel requirement, which also 
comes from the specification. Relume responds by 
contending that a person of ordinary skill in the art would 
know that a series-parallel configuration is necessary 
because LED string redundancy allows the array to 
continue to emit light in the event of a single point LED 
failure. 

7 A single point LED failure occurs when one 
LED in a string of connected LEDs fails, for 
whatever reason, to conduct electrical current and 
therefore emit light. This failure causes the entire 
LED string to fail as well. A series-parallel 



configuration of LED strings minimizes the 
impact of a single point LED failure because, 
even if one string is extinguished, the other strings 
will continue to emit light. 

[**23] I find Relume's series-parallel construction 
of "LED array" unpersuasive, however, because it fails to 
overcome the presumption in favor of the phrase's 
ordinary and accustomed nieaning. The language of claim 
1 does not explicitly Hmit the "LED array" to a 
series-parallel. configuration. Nor does it implicitly do so. 
As discussed above, the phrase "LED array" means on its 
face that the claimed element must arrange LEDs in a 
regular grouping. A series configuration is simply the 
logical minimum of this facial meaning and thus cannot 
be excluded from the phrase's scope. The specification 
supports this conclusion. It notes that both series and 
series-parallel configurations exist in the prior art as 
design choices for LED arrays. '645, 1:18-30. 

If I were to determine that a person of ordinary skill 
in the art would read a series-parallel limitation into 
"LED array," I would violate the fundamental principle 
that the preferred embodiment not limit the meaning of 
the claims. See Laitram, 863 F.2d at 865, The 
specification does not indicate that the drafter acted as his 
own lexicographer and intended for the series-parallel 
defmition of the preferred embodiment to override [**24] 
the ordinary meaning of "LED array." See Zebco, J 75 
F.Sdat 990, Aside from the preferred embodhnent, there 
are no explicit series-parallel defmitions for claim I's 
LED array set forth in the specification. The specification 
also does not mention a series-parallel configuration in its 
simmiary of the invention, nor in its statement of the 
invention's objectives. Fmally, the specification's 
diagrams of the prior art tellingly attach "series-parallel" 
as an adjective to "LED array"; this further reveals that 
the phrase "LED array" does not inherently teach a 
series-parallel configuration to those in the art. 

Relume falls back on a functionality argument to 
support its narrow construction. [*798] It contends that 
the LED array of claim 1 requires, at minimum, a 
series-parallel configuration in order to gain the benefit of 
LED string redundancy: But just as Precision's function 
argument failed, so too does Relume's. Claim 1 nowhere 
recites a limitation on the configuration of the LED array, 
nor does it state a functional advantage from a 
series-parallel configuration. Moreover, claim 1 states no 
concern for how well or how safely the LED array 
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illuminates, only that it does. [**25] All of this makes 
sense given that the invention described by claim 1 is not 
a kind of LED array or a safer LED array, but an 
apparatus that supplies voltage-regulated electrical power 
to any kind of LED an-ay, whatever its application. 

. I conclude that the intrinsic evidence of record would 
lead a person of ordinary skill in the art of LED array 
power supplies to understand the "LED array" of claim 1 
to mean an orderly arrangement of LEDs - a meaning that 
encompasses both a simple series and a series-parallel 
configuration, I further conclude that a person of ordinary 
skill in this art would not understand the "LED array" of 
claim 1 to require ballast resistors. 

b, "power factor correction converter means*' 

Lumileds argues that 35 U.S.C § 112, P 6 governs 
the construction of claim Ts "power factor correction 
converter means" and limits it in scope to. the 
con*esponding structure disclosed in the specification: a 
switchmode buck/boost converter and a commercially 
available power factor controller. Relume argues that 35 
U.S.C section 112, paragraph 6 does not apply because 
the language "power factor' correction converter" 
implicitly recites sufficient structure [**26] to one of 
ordinary skill in the art of LED array power supplies. 

Claim 1 describes the "power factor correction 
converter means" as 

having an input connected to said output 
of said rectifier means (32) and an output, 
said power factor conection converter 
means (38) being responsive to said 
rectified d.c. power at said power factor 
correction converter means input for 
generating regulated voltage d.c, power at 
said power factor correction converter 
means output. 

'645, 13:22-28. By associating the word "means" with 
two functions - power factor correction ^ and voltage 
regulation - claim 1 uses express means-plus-function 
language to describe the "power factor correction 
converter means" element. This creates a presumption 
that the "power factor correction converter means" is a 
means-plus-function element governed by 35 U.S.C. 
section 112, paragraph 6. See Al-Site Corp. v. VSl Int'l, 
Inc., 174 F.3d 1308, 1318 (Fed Cir. 1999) ("if the word 
"means" appears in a claim element in combination with 



a function, it is presumed to be a means-plus-function 
element to which 35 U.S.C §112,? 6 applies"). 

8 The '645 patent explains that "power factor 
(p.f) is well understood in the electrical 
engineering community as the ratio of real power 
to real power plus reactive power." '645,2:10-12. 
The closer a device's power factor ratio is to one, 
the better its efficiency. Poor power factor 
typically results when voltage and current are out 
of phase, but it can also result from harmonic 
distortion. . 

[**27] Relxmie contends that claim 1 overcomes 
this presumption by reciting sufficient structure. Relume 
specifically argues that a person of ordinary skill in the 
art would understand a "power factor correction 
converter" to be "a switching power supply that has some 
control feature to improve diode conduction time and 
increase power factor and reduce distortion." (Pi's 
Consolidated 0pp. at 22.) Relume also notes that the 
claim language recites a location for the "power factor 
correction converter means" in the invention - between 
the rectifier and the LED array - and describes it as 
having an input and an output. (See id) 

[*799] The Federal Circuit has determined that a 
presumption of 35 U.S.C section 112, paragraph 6 
governance "can be rebutted if the evidence intrinsic to 
the patent and any relevant extrinsic evidence so 
warrant." Personalized Media v. Int'l Trade Comm'n, 161 
F.3d 696, 704 (Fed Cir, 1998). Throughout the rebuttal 
inquiry, "the focus reniains on whether the xlaim as 
properly construed recites sufficiently definite structure 
to avoid the ambit of 35 US.C § 112, P 6." Id. A claim 
recites sufficient structure when it elaborates the 
structure, material, or acts necessary [**28J to perform 
entirely the recited function. See Sage Products, Inc. v, 
Devon Industries, Inc, 126 F.3d 1420, 1427-28 (Fed, 
Cir. 1997). 

Close scrutiny of the term "power factor correction 
converter means" reveals that it implicitly elaborates 
sufficient structure to a person of ordinary skill in the art 
of power supplies. The structural device claimed is a 
"converter means," and its functions are I'power factor 
correction" and "being responsive to said rectified d.c. 
power.. .for generating regulated voltage d.c. power." ^ 
Although perhaps unremarkable to the layperson, the 
word "converter" is a structurally meaningful term-of-art 
to those of ordinary skill in the art of power supply 



63 F. Supp. 2d 788, *799; 1999 U.S. Dist. LEXIS 13116, **28 



Page 9 



electronics. According to Marty Brown's Power Supply 
Cookbook (1994), it connotes the generic structure of a 
switching power supply: that is, a switch and its 
controller circuit See id. at 25-26. The Power Supply 
Cookbook also makes it clear that power factor correction 
and voltage regulation are typical functions for a 
switching power supply to perform. See id. Thus claim 
I's association of "converter means" with its specified 
functions of power factor correction and [**29] voltage 
regulation would reinforce the structural connotations of 
"converter" to one of ordinary skill in this art. 

9 Identification of the "power factor correction" 
function is less obvious than the voltage 
regulation function because the qualifier "power 
factor correction" is not phrased in the 
"means.. .for" format that usually specifies a 
function in claim language. The "means... for" 
formality, however, need not be present for me to 
interpret "power factor correction" as an 
additional functional constraint on the "converter 
means," See Personalized, 161 F3d at 705 
(finding that the adjective "digital" functionally 
constrained the word "detector" even without 
"means... for" language). 

10 The Power Supply Cookbook is an 
authoritative instructional design text for 
engineers in the field of power supply electronics. 
The background section of the '645 patent cites it 
as relevant prior art. Thus I consider it to be 
evidence intrinsic to the '645 patent and properly 
considered in my Markman construction of the 
claim term "converter." See Markman, 52 F3d at 
979. 

[**30] I conclude that the implicitly sufficient level 
of structural elaboration in the term "converter" removes 
the "power factor correction converter means" from its 
presumed statutory category as a means-plus-fiinction 
element governed by 35 U.S.C. section 112, paragraph 6. 
See Personalized, 161 F3d at 705 (holding that the term 
"detector," even though it does not "specifically evoke a 
particular structure," nevertheless elaborates sufficient 
structure because it conveys "to one knowledgeable in the 
art a variety of structures known as 'detectors"'); see also 
Cole V. Kimberly-Clark Corp., 102 F.Sd 524, 531-32 
(Fed. Cir. 1996) (affirming a district court's conclusion 
that the "perforation means" did not fall under 35 U.S.C. 
section 1 12, paragraph 6 because the ordinary meaning of 
the term "perforation" recites sufficient strucmre to one 



of ordinary skill in the relevant art). Accordingly, I hold 
that a person of ordinary skill in the art of LED array 
power supplies would understand claim Ts "power factor 
correction converter means" to require the structure of a 
switching power supply. 

c. "generating regulated voltage 

Defendants argue that the plain meaning of 
"generating ['^*31] regulated voltage" excludes from the 
scope of claim 1 those power supplies designed to 
regulate current. Relume argues that because of the basic 
electrical principle of Ohm's Law [*800] (voltage = 
current x resistance) current regulation will result in 
voltage regulation in a certain circumstance - specifically 
when resistance is constant. Relume argues that the 
voltage regulation performed by its invention is limited to 
that circumstance and, therefore, devices designed to 
regulate current can fall within the scope of its invention. 

I begin my claim construction with the ordinary 
meaning of the disputed phrase. See Phillips, 157 F.3d at 
871. The basic meaning of "generate" found in Webster's 
is that of a thing producing something else. The 
meaning of "regulated" is likewise straightforward; 
Webster's conveys the idea of something being ordered 
and controlled. Finally, Webster's defines "voltage" as 
"electric potential or potential difference expressed in 
volts." 

11 Webster's most pertinent definitions of 
"generate" are 1) "to cause to be: to bring into 
existence," 2) "to originate (something material) 
by a physical or chemical process," and 3) "to be 
the cause of (a state of mind, an action, or 
something immaterial or intangible)." 

[**32] 

12 Webster's most pertinent definitions of 
"regulate" are 1) "to reduce to order, method, or 
uniformity" and 2) "to fix the time, amount, 
degree, or rate of" 

By combining these dictionary definitions, it is clear 
that "generating regulated voltage" means, on its face, the 
function of producing controlled electric potential. This 
function has a specialized imderstanding to those in the 
field of electronics. According to The Illustrated 
Dictionary of Electronics (7th ed. 1997), "voltage 
regulation" is "the stabilization of a voltage against 
fluctuations in source or load." Thus, upon reading the 
words "regulated voltage," a person of ordinary skill in 
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the art would understand claim 1 to require the "power 
factor collection converter means" to stabilize the voltage 
it generates against fluctuations either in the input line 
voltage (the source) or in the LED array (the load). 

13 Relume is correct to point out the significance 
of the "or" in this definition of "voltage 
regulation. " A device need not regulate voltage 
against fluctuations in both source and load to be 
called voltage regulating in the art. The 
specification of the '645 patent makes it clear that 
claim I 's "converter means" is a voltage regulator 
concerned only with minimizing source voltage 
fluctuations. 

[**33] Yet that is not all the language of claim 1 
communicates regarding its voltage regulation function. 
As held above, the ordinary meaning of "converter" also 
implies to one of ordinary skill in the art the stmcture 
necessary to perform voltage regulation: a switching 
power supply. At its most basic, a switching power 
supply must have some sort of switch and a controller 
circuit. See Power Supply Cookbook at 25-26. For a 
voltage-regulating power supply, the controller circuit's 
"main purpose" must be "to maintain a regulated output 
voltage," Id. at 26. It does so by acting as a voltage 
feedback loop. See id. at 73. 

These structural limitations implied by the ordinary 
meaning of "converter" cannot be ignored. Voltage 
regulation calls for unique componentry - for example, 
the controller's output voltage feedback loop. Yet there is 
an even more important point; a voltage-regulating power 
supply is a device expressly designed to stabilize the 
electrical property of voltage and thus generate regulated 
voltage. It is built to act on voltage, not current, 

Relume's tortured construction of "generating 
regulated voltage" turns a blind eye to these realities. 
Relume wants claim [**34] 1 to be nonsensically 
construed so that any device, regardless of its design and 
stmcture, would fall within its scope so long as that 
device effects source voltage regulation in the limited 
circumstance when resistance is constant, I have a duty, 
however, to give meaning to all. the words in claim 1 in 
order to determine the scope of its claimed invention; the 
drafter has linked the "converter means" to the 
"generating regulated voltage" function. Thus [*801] I 
cannot ignore the implicit structural Umitations in the 
term "converter" - structural limitations. I note, that 
Relume urged me to recognize in order to avoid the 



application of 35 U.S.C. section 112, paragraph 6 to the 
"converter means." 

There is another flaw in Relume's construction. The 
much trumpeted truth of Ohm's Law is ultimately 
immaterial to the resolution of the claim construction 
question before me. All it tells me is that in a certain 
situation, when resistance is controlled, 
current-regulating and voltage-regulating power supplies 
will have the same effect on their output voltage. It does 
not tell me anything about the purpose, design, and 
structure of current-regulating and voltage-regulating 
devices in the art. Thus, while [**35] interesting, the 
scientific fact of Ohm's Law does not address the 
underlying issue posed by the construction of "generating 
regulated voltage": What does it mean in the art when a 
converter regulates voltage instead of current? 

The specification of the '645 patent reinforces these 
points. In its discussion of prior art power supphes, it 
recognizes the distinction drawn in the art between 
current regulation and voltage regulation. >4 -pj^^j 
distinction is based on meaningful engineering reasons. 
For instance, the specification notes that current 
regulation will result in better LED light output than 
voltage regulation. '645, 4:51-54. The reason: LED light 
output is directly related to the current flowing through 
the LED, not the .voltage. There is of course a more 
obvious basis for the distinction in the art: current 
regulation and voltage regulation act on, and regulate, 
different electrical properties. Thus it is clear that treating 
power supplies designed for current regulation like those 
designed for voltage regulation - the effect of Relume's 
construction - would violate precepts in the art. 

14 So too does The Illustrated Dictionary of 
Electronics. It gives distinct definitions for 
voltage regulation (quoted above) and for current 
regulation ("the stabilization of current at a 
predetermined level or value"). 

[**36] There is nothing in the specification that 
alters my analysis of "generating regulated voltage." See 
Zebco, 175 F,3d at 990. It discloses a voltage-regulating 
switching power supply for the patent's invention that is 
structurally consistent with the ordinary meanings of 
"converter" and "generating regulated voltage" I discuss 
above: 

The converter 38 includes a power factor 
correction (P.F.C.) integrated circuit (I.C.) 
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controller 40, which is a commercial 
device available from many sources and 
functions by allowing cunent to charge a 
storage capacitor C (LARGE) only* in 
phase with the rectified a.c. voltage 
■ thereby assuring a power factor close to 
unity. The control LC. 40 also provides 
voltage regulation in the switchmode 
buck/boost converter by monitoring the 
output voltage and adjusting the high 
frequency on-off switching period of the 
pass element commensurately. 

'645, 5:41-53. Not surprisingly, the specification 
nowhere instructs the reader on how a current-regulating 
power supply could be used instead of a 
voltage-regulating power supply to effect the aims of the 
invention. 

For all of the reasons discussed, then, I hold that a 
person of ordinary [**37] skill in the ah of LED array 
power supplies would understand "generating regulated 
voltage" to mean that claim I's "converter means" is 
designed to produce stabilized voltage at its output 
despite fluctuations in its input voltage. Because the 
intrinsic evidence of the patent provides a clear meaning 
for "generating regulated voltage," I decline to consider 
the extrinsic testimony of the '645 patent's inventor, Mr. 
Hochstein, which Relume offers in' support of its 
construction. See Southwall Tech,, Inc. v. Cardinal IG 
Co,, 54 R3d 1570, 1578 (Fed. Cir. 1995)v stt also 
Vitronics, POFJdai 1583. 

2. Claim 2 

The parties do not dispute the meaning of claim 2. 
As a dependent claim to claim 1, [*802] it incorporates 
all the limitations of claim 1, but with one exception. 
Instead of a generic "converter means," it teaches the use 
of a specific type: "a power factor correcting and voltage 
regulating buck/boost switchmode converter." '645, 
13:33-36. 

3. Claim 4 

The parties do not dispute the meaning of claim 4. 
Like claim 2, it is a dependent claim to claim 1. It 
therefore incorporates all the limitations of claim 1 and 
adds another: the use of an [**38] "electromagnetic 
interference filter means." '645, 13:43. It also requires 
that the filter be located before the rectifier means. '645, 



13:42-46. 
4. Claim 5 

This claim recites an adaptive clamp circuit means 
for eliminating leakage current problems. '645, 
13:47-50. Defendants contend that it is written in 
"means-plus-function" format and is therefore governed 
by 35 US.C. § 112, P 6. Relume does not appear to 
dispute defendants' proposed construction. 

15 Leakage current creates problems for traffic 
signals because it falsely triggers the conflict 
monitors at an intersection. Conflict monitors 
exist to detect and prevent two green lights in 
perpendicular directions. A falsely triggered 
conflict monitor tells the intersection's traffic 
lights to go to blinking red signals when there is 
no need. 

I agree with defendants' construction. By associating 
the word "means" with the function of eliminating 
leakage current problems, claim 5 uses express 
means-plus-function language, to describe [**39] its 
"adaptive clamp circuit means" element. This creates a 
presumption that the "adaptive clamp circuit means" is a 
means-plus-function element govemed by 35 U,S.C 
section 112, paragraph 6. See Al-Site, 174 F.3d at 1318. 
Unlike the dispute over the "power factor correction 
converter means," however, Relume has not argued that 
claim 5 overcomes this presumption by reciting sufficient 
stmcture. Even if Relume were to argue that point, my 
review of the language of claim 5 does not reveal that it 
elaborates sufficient structure necessary to perform 
entirely the recited function. See Sage Products, 126 F.3d 
at 1427-28. 

Thus according to 35 U.S.C. section 112, paragraph 
6, the "adaptive clamp circuit means" of claim 5 is to be 
construed "to cover the corresponding structure, material, 
or acts described in the specification and equivalents 
thereof" 35 U.S.C. § 112, P 6; see also Lockwood v. 
American Airlines, Inc., 107 F,3d 1565, 1570-71 (Fed. 
Cir. 1997). Accordingly, I hold that a person of ordinary 
skill in the art would understand the corresponding 
structure described in the specification of the '645 patent 
to be a voltage sensing [**40] means (48) comprised of a 
transistor (Ql) and a Zener diode (D5) and a controlled 
load means (50) comprised of a transistor (Q2) and a 
resistor. (60). '645, 7:40 to 8:3. The specification explains 
their operation thus: 
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The clamping circuit 24 works by using 
the sensing transistor Ql and the Zener 
diode D5 (the voltage sensing means 48 of 
FIG. 6a) to determine if the line voltage is 
below a certain magnitude (typically 40 
volts)... .If the Zener diode D5 does not 
conduct, the transistor Q2 is tumed on to 
place the load resistor 60 [across] the 
power lines 22 causing the leakage voltage 
to drop below 10 volts. The transistor Q2 
and the resistor 60 are the controlled load 
means 50 of FIG. 6a. Whenever the traffic 
signal controller relay "closes", the line 
voltage appearing at the input to the 
adaptive clamping circuit 24 rises to 
nominally 120 volts and the sensing 
circuit (Ql and D5) turn off the 
controlling transistor Q2, removing the 
resistor 60 from the circuit thereby 
preventing unnecessary dissipation of 
power. 

•645, 7:53 to 8:1. 
5. Claim 6 

Claim 6, which depends from claim 5, merely recites 
the specific structure presented [*803] in the 
specification. Accordingly, [**41] claim 6 is similar if 
not identical in scope to claim 5, in spite of the doctrine 
of claim differentiation. See Laitram Corp. v. Rexnord, 
Inc., 939 F.2d 1533, 1538 (Fed. Cir. 1991) (finding that 
the doctrine of "claim differentiation" cannot override 
section 112, paragraph 6). 

B. The '909 Patent 

Relume's '909 patent describes an apparatus, as well 
as a method, that maintains the luminous intensity of an 
LED, The patent has 18 claims. Claims 1-3, 6, 7, 9-12, 
15, 16, and 18 are at issue in the parties' motions. They 
read as follows: 

I . A circuit for maintaining the luminous 
output of a light emitting diode, said 
circuit comprising: 

at least one light emitting 
diode (LED) (12) for 
producing a luminous 



output; ' 

a sensor (22, 24) for 
sensing a condition 
proportional to said 
luminous output of said 
LED (12) and for 
producing a luminous 
output signal; 

a power supply (16) 
electrically connected to 
said LED (12) for 
supplying ON/OFF pulses 
of electrical energy to 
produce the luminous 
output of said LED (12); 
and 

said power supply (1 6) 
including a switching 
device responsive to said 
luminous output signal for 
adjusting the electrical 
energy supplied by [**42] 
said pulses per unit of time 
to adjust the average of said 
current passing through 
said LED (12) to maintain 
the luminous output of said 
LED (12) at a 
predetermined level. 

2. A circuit as set forth in claim 1 
wherein said sensor (22) includes means 
for sensing changes in temperature of said 
LED (12). 

3. A circuit as set forth in claim 2 
wherein said sensor (22) includes a 
predetermined temperature behavior 
model to establish the increase in said 
current passing through said LED (12) as a 
function of the operating temperature of 
said LED (12) integrated with said 
predetermined temperature behavior 
model, 

* * * 
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6. A circuit as set forth in claim 1 
wherein said switching device includes 
means for adjusting the electrical energy 
suppHed by said pulses per imit of time by 
adjusting the frequency of said pulses. 

7. A circuit as set forth in claim 1 
wherein said switching device includes 
means for adjusting the electrical energy 
supplied by said pulses per unit of time by 
adjusting the width of said pulses. 

* * * 

9. A circuit as set forth in claim 1 
including a filter for filtering the electrical 
energy supplied by said pulses into 
substantially d.c. supplied [**43] to said 
LED for producing said luminous output. 

10. A method of maintaining the 
luminous output of a light emitting diode 
(LED) comprising the steps of: 

supplying ON/OFF 
pulses of electrical energy 
fi-om an adjustable power 
supply (16) for establishing 
electrical current passing 
through the LED (12); 

sensing (22, 24) a 
condition proportional to 
the luminous output of the 
LED (12); and 

adjusting the electrical 
energy supplied by the ON 
pulses per unit of time to 
adjust the average of the 
current passing through the 
LED (12) to maintain the 
luminous output of the 
LED (12) at a 
predetermined level. 

11. A method as set forth in claim 10 
wherein sensing a condition is further 
defined as sensing changes in temperature 
of the LED (12). 



12. A method as set forth in claim 10 
fiirther defined as establishing a 
predetermined [*804] temperature 
behavior model and increasing the current 
passing through the LED (12) as a 
fimction of the operating temperature of 
the LED ( 1 2) integrated with the 
predetermined temperature behavior 
model 

Kt * « 

15. A method as set forth in claim 10 
fiirther defined as adjusting the electrical 
energy supplied by said pulses per imit of 
time by adjusting [**44] the fi-equency of 
said pulses. 

16. A method as set forth in claim 10 
further defined as adjusting the electrical 
energy supplied by said pulses per unit of 
time by adjusting the width of said pulses, 

* * * 

18. A method as set forth in claim 10 
including filtering the output of the power 
supply for filtering the electrical energy 
supplied by said pulses into substantially 
d.c. supplied to the LED for producing 
said luminous output. 

'909, 6:64-67, 7:all, and 8:all. 

1. Claim 1 

a. "condition proportional" 

Ecolux construes "condition proportional" to mean 
directly proportional or having "the same or constant 
ratio." Ecolux believes this construction requires, the 
invention's temperature sensor to be located on the 
LED circuit board, as opposed to somewhere else in the 
invention's circuitry: Relume argues that this locational 
requirement is an unnecessary limitation on the claimed 
invention. Relume believes that the scope of "condition 
proportional" includes temperature sensors that are. 
sensitive to the ambient temperature surroxmding the 
LEDs. 

16 The '909 patent discloses two kinds of 
preferred embodiment sensors: a light sensor and 
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a temperature sensor. Ecolux focuses its 
construction arguments on the temperature sensor 
because that is the kind of sensor its accused 
product uses. 

[**45] Claim 1 does not recite a limitation on the 
location of its sensor. It describes the "sensor", as 
performing two functions: "sensing a condition 
proportional to said luminous output of said LED (12) 
and... producing a luminous output signal." '909, 7:1-3. 
This language limits the possible universe of conditions 
that could be sensed by the sensor to those that have a 
"proportional" relationship to the light output of the 
LEDs. ^'^ Webster's most relevant definition of 
"proportional" is "having the same or a constant ratio;" 
this is, in fact, Ecolux's proposed definition. The key to 
understanding its scope is in the meaning of "ratio." 
Webster's defines it as "the fixed or approximate relation 
of one thing to another." Therefore all that claim 1 
requires its sensor to do is sense a condition that has a 
"fixed relation" to the light emitted firom the LEDs; this 
function does not imply a locational requirement for the 
invention's temperature sensor. 

17 A related point regarding the "condition" 
sensed: the claim language does not limit it to the 
temperature of the LEDs as Ecolux has also 
argued. It is worth repeating that the only limit on 
the "condition" sensed is whether it is 
"proportional to the luminous output of the 
LEDs." 

[*M6] 

18 Ecolux's definition comes fi-om its expert, 
Barry N. Feinberg. (See Ecolux's Mem. in 
Support of Mot for Summ. J. of 
Non-Infiingement at 7 & Ex. D.) He states 
without explanation , that it is the definition given 
to "proportional" by those in engineering and 
mathematics. (See id.) To the extent that I accept 
"having the same or a constant ratio" as the 
definition of "proportional," I do so because it is 
the ordinary meaning of the word (as indicated in 
Webster's) and not because it is the opinion of 
Feinberg, Furthermore, in adopting this definition, 
I do not also adopt the alternative, "direct 
proportion" definition proposed by Ecolux, The 
claim language uses "proportional" without any 
qualification. 

Despite the fact that the language of claim 1 neither 



explicitly or implicitly recites a location for the sensor, 
Ecolux nevertheless argues that such a requirement exists 
because the prefened embodiment [*805] diagram of 
the temperature sensor depicts it on the LED circuit 
board. Aside fi-om this diagram, I find no support in the 
patent's specification for a locational requirement. 
Ecolux's [**47] argument is therefore an attempt to 
restrict claim language that is broader in scope than the 
preferred embodiment. The rules of claim construction do 
not permit this. See Electro Med Sys, S.A. v. Cooper Life 
Sciences. 34 F.3d 1048, 1054 (Fed Cir. 1994) 
("particular embodiments appearing in a specification 
will not be read into the claims when the claim language 
is broader than such embodiments"). 

Accordingly, I hold that a person of ordiriary skill in 
the art of LEDs would understand "condition 
proportional" to mean that the sensor must sense a 
condition that has some fixed relationship with the LEDs' 
light output, but would not understand the phrase to 
require a certain location for the sensor. 

b. "ON/OFF pulses" 

On the basis of some of the invention's preferred 
embodiments, Ecolux argues that the "ON/OFF pulses" 
of electrical energy called for by claim 1 must have a 
rectangular wave form. Relume contends that the 
"ON/OFF pulses" limitation does not require a specific 
wave form but only that the invention's power supply 
employ a switching action to control the current delivered 
to the LEDs. 

Ecolux's • construction ignores , the clear meaning of 
both the claim [**48] language and the specification. 
Claim 1 recites no limitation on the shape of the pulses' 
wave form. Nor does the specification. In fact, it notes 
that at least two types of wave forms can be utilized by 
the invention: rectangular and a.c. sinusoidal. 
Accordingly, I hold that one of ordinary skill in the art of 
LEDs would understand that "ON/OFF pulses" does not 
limit the shape of the pulses' wave form but instead 
requires that a switching power supply create the pulses 
by turning a switch on and off. 

c. "said power supply (16) including a switching 
device" 

Relume contends that this phrase requires the switch 
to be located in the invention's power supply. Lumileds 
disagrees, arguing that the word "including" does not 
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necessarily mean "in." 

The ordinary meaning of "including" supports 
Relume. Webster's defines it as "serving to enclose or 
cover." Reference to the definition of the verb "include" 
is also helpful, revealing nuances like "to shut up: 
CONFINE, ENCLOSE, BOUND," "to place, list, or rate 
as a part or component of a whole," and "to take in, 
enfold, or comprise as a discrete or subordinate part." 
These definitions clearly convey the idea that the power 
supply of [**49] the '909 patent embraces a switch as 
one of its components. The specification reflects this. By 
repeatedly describing the power supply as including a 
switch, it emphasizes to one of ordinary skill in the art 
that the switch is a part of the power supply. 

But there is a more basic point. By having the power 
supply include a switch, the intrinsic evidence of the '909 
patent is simply instructing a person of ordinary skill in 
the art that the power supply of the claimed invention 
must be a switching power supply. Thus the "including" 
limitation is less a locational requirement than a 
componentry requirement. So the specification of the 
'909 patent speaks frequently of the invention's use of "a 
switch mode power supply," '909, 4:66-67. And it claims 
a great advantage from the inherent efficiency of such a 
power supply. '909, 4:50-51. Yet it displays no concern 
for the location of the switch within the power supply. As 
the specification states: "It will be appreciated that such a 
switch mode power supply can take many forms. Within 
the scope of the present invention, switch mode supphes 
include any power source 16 that is turned on and off at a 
frequency consistent with the other operating • [**50] 
[*806] parameters of the system." '909, 4:66 to 5:3. 

Accordingly, I hold that a person of ordinary skill in 
the art would understand "said power supply (16) 
including a switching device" to mean that the invention 
of claim 1 requires a switching power supply. 

d. "maintain,..at a predetermined level" 

Lumileds argues that the phrase - "maintain the 
luminous output of said LED (12) . at a predetermined 
level" - requires claim I's switching power supply to 
adjust the current supplied to the LEDs so that their 
luminous output is essentially constant. Focusing solely 
on the meaning of the word "predetermined," Relume 
argues that the disputed phrase requires only that the 
switching power supply maintain LED light intensity at 
amounts that are known or modeled in advance. 



The drafter's use of the word "maintain" exposes the 
error of Relume's construction. The idea of uniform or 
constant output inheres in the word's ordinary meaning. 
Webster's defines "maintain" as "to keep in a state of 
repair, efficiency, or validity: preserve from failure or 
dechne." And it defines "predetermine" as "to , settle 
beforehand: settle in advance." Taken together, these 
definitions establish that the phrase, [**51] "maintain 
the luminous output of said LED (12) at a predetermined 
level," simply means to keep the LEDs' luminous output 
at a level chosen beforehand. 

19 Here is what this construction means in 
practice. Suppose the desired level of LED output 
chosen beforehand is two units of light. The 
invention of claim 1 will seek to keep luminous 
output at this predetermined level of two units 
despite fluctuations in operating temperature. 

The specification does not alter this construction. It 
states that "the present invention relates to a new method 
of maintaining an essentially constant luminous output 
from an LED array, irrespective of operating 
temperature." '909, 4:42-44. It later observes that either 
of its contemplated sensors — the light sensor or the 
temperature sensor "can be used to modulate the 
average current through the LED array to maintain 
essentially constant luminous output, irrespective of 
operating temperature." '909, 5:17-20. It also describes 
how the invention's preferred embodiment uses a [**52] 
temperature behavior model "in order to keep the 
luminous output of the LED array essentially constant at 
a predetermined level." '909, 3:66-67. Nowhere does the 
specification indicate that the invention of the '909 patent 
has the ability to produce anything other than essentially 
constant LED output. 

In the end, the clear language of claim 1 and the 
equally clear specification of the '909 patent demonstrate 
that Relume's construction of "maintain the luminous 
output of said LED (12) at a predetermined level" is 
incomplete and at odds with the ordinary meaning of 
"maintain." It is not enough, as Relume did in its 
response brief, to offer a definition for "predetermined" 
and then ignore the more important and relevant meaning 
of "maintain." The disputed phrase must be examined in 
its entirety in order to comprehend its full scope. 

Accordingly, I hold that a person of ordinary skill in 
the art would understand the claim language "maintain 
the luminous output of the said LED (12) at a 
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predetermined level" to charge the invention of claim 1 
with the task of keeping, or preserving from decline, the 
luminous output of its LEDs at an amount chosen 
beforehand. 

2. Claims 2, 3, 6, 7, and [**53] 9 

The parties do not dispute the meaning of these 
claims, all of v^^hich depend from claim 1. Claim 2 
requires that the "sensor" recited in claim 1 "include[] 
means for sensing changes in temperature of said LED 
(12)." '909, 7:13-15. Claim 3 requires that the 
temperature feedback system [*807] of the '909 patent 
use a "predetermined temperature behavior model." '909, 
7:20-21. Claim 6 specifies that the invention's switching 
power supply must adjust its ON/OFF pulses "by 
adjusting the frequency of said pulses." '909, 7:31-32. 
Claim 7 alternatively teaches a switching power supply 
that adjusts its ON/OFF pulses "by adjusting the width of 
said pulses." '909, 7:35-36. Finally, claim 9 requires that 
the invention of claim 1 include a filter for converting the 
ON/OFF pulses into d.c. power for the LEDs. '909, 
7:41-44. 

3. Claim 10 

Claim 10 is an independent claim that recites a 
three-step method for "maintaining the luminous output 
of a light emitting diode (LED)." '909, 8: 1-2. Dialight and 
Relume dispute the meaning of a phrase ~ "adjustable 
power supply" ~ in the claim's first step, which teaches 
"supplying ON/OFF pulses of electrical energy from an 
adjustable power supply (16) for [**54] establishing 
electrical current passing through the LED (12)." '909, 
8:3-5. Dialight argues that the disputed phrase requires 
the use of a switching power supply that adjusts the 
frequency or pulse width of its ON/OFF current pulses in 
response to feedback from a sensor. Relume asserts that 
the "adjustable" limitation only requires a power supply 
that is adjustable in some broad sense, "e.g., as a voltage 
regulator." (PL's Consolidated Opp; at 32.) 

The ordinary meaning of the adjective "adjustable" 
provides. valuable guidance, though it does not resolve 
the dispute. Webster's defines the word to mean "capable 
of being adjusted." Thus to label the invention's power 
supply as "adjustable" is to say that it is capable of being 
adjusted. I note that this implies that something acts on 
the power supply to adjust it. 

The specification sharpens the reader's understanding 



of "adjustable" by detailing how the invention's power 
supply is capable of being adjusted. Thus in summarizing 
the claimed invention, the specification describes the 
power supply as including "a switching device responsive 
to the luminous intensity signal for adjusting the 
electrical energy supplied by the pulses [**55] per unit 
of time to adjust the average of the current passing 
through the LED to maintain the luminous intensity of 
the LED at a predetermined level." '909, 2:12-17. The 
specification also later observes that "the primary purpose 
of the present invention is to increase the average current 
through the LED array with increasing temperature, by 
adjusting the pulse width or frequency of LED switch 
mode power supply." '909, 4:62-65, 

These overarching statements about the invention of 
the '909 patent establish that the specification sets forth a 
specific meaning for "adjustable power supply." See 
Zebco, 175 F3dat 990. Under that meaning, "adjustable" 
requires the invention's switching power supply to be 
responsive to a luminous intensity signal from a sensor so 
that the ON/OFF current pulses supplied by the power 
supply can be adjusted in their frequency or pulse width. 
In other words, the invention's power supply must be 
capable of being adjusted by the feedback from a sensor 
that measures, either directly or indirectly, the amount of 
light emitted by the LEDs. 

For these reasons, I reject Relume's construction of 
"adjustable power supply." Its construction gives a vague 
[**56] and irrelevant meaning to the phrase that 
conveniently ignores the specification's description of the 
patent's invention. The intrinsic evidence of the '909 
patent gives fiill support to Dialight's construction of the 
disputed phrase. I therefore hold that a person of ordinary 
skill in the art would understand the phrase "adjustable 
power supply" to mean that the invention's switching 
power supply must be capable of being adjusted by the 
luminous intensity signal of a sensor. ^0 

20 In support of this construction, Dialight 
raised additional points regarding the meaning of 
the third step of claim 10: "adjusting the electrical 
energy supplied by the ON pulses per unit of time 
to adjust the average of the current passing 
through the LED (12) to maintain the luminous 
output of the LED (12) at a predetermined level." 
In particular, Dialight argued that 35 U.S.C. § 
112, P 6 governed that step as a 
"step-plus-function" element and thus that the 
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third step must be limited in scope to correspond 
to acts in the specification specifically, the. 
sensor's act of giving feedback to the power 
supply. My construction of "adjustable power 
supply" makes this additional argument' 
superfluous. 

[**57] [*808] 4. Claims 11, 12, 15, 16, and 18 

The parties do not dispute the meanings of these 
method plaims, all of which depend from claim 10. Each 
parallels a dependent apparatus claim. For example, 
claim 1 1 takes the substance of claim 2 and gives it the 
nomenclature of a method claim. Likewise, claim 12 
parallels claim 3, claim 15 parallels claim 6, claim 16 
parallels claim 7, and claim 1 8 parallels claim 9. 

V, Comparison with Accused Products 

I now turn to the second step of the hteral 
infringement analysis: comparing the properly construed 
claims with the product or process accused of 
infringement. See Markman, 52 F.Sd at 976. Many 
infringement arguments are now moot in light of my 
claim construction. I address only those that survive. 

A. The '645 Patent 

1. Dialight's Accused Products 

Relume has accused two Diahght products of 
literally infringing claim 1 of its '645 patent: Dialight's 8" 
and 12" LED traffic signals. Dialight argues that its 
products do not literally infringe claim 1 because, inter 
alia, ±ey lack a required element ~ they do not generate 
regulated voltage. 

Dialight's supporting evidence consists of a 
declaration [**58] by its expert, Rand Eikelberger, who 
is Dialight's Vice President for Engineering, and circuitry 
diagrams attached as exhibits to Eikelberger's declaration. 
Referring to these diagrams, Eikelberger states in his 
declaration that Dialight's accused products use "a current 
regulator circuit," the output of which is "regulated (i.e., 
constant total) current." (Eikelberger Decl. at P 4.) He 
explains that the regulator uses current sense resistors to 
provide feedback about its output so that it can change 
the ON/OFF ratio of its switching and thereby alter the 
current flowing to die LED array. (See id. at PP 11-13.) 
He states that he witnessed tests of Diahght's accused 
products, in which some strings of the LED array were 



purposeftilly shorted, and saw that the current output of 
the regulator remained essentially constant despite the 
short circuits in the array. (See id. at PP 7-8 & Ex. 2.) 
And he also points out that the lack of ballast resistors in 
Dialight's accused products is fiirther evidence of current 
regulation because ballast resistors are current controlling 
devices that are xmnecessary, even wasteful, in arrays 
akeady supplied current regulated power by a switching 
[**59] power supply. (See id. at PP 15-18.) 

Dialight's evidence satisfies its Rule 56(c) burden of 
showing that no genuine issue of material fact exists 
because that evidence establishes that Dialight's 
"converter means" is designed to generate stabilized 
current. See Celotex, 477 U.S. at 323. In other words, 
Dialight has met its burden of showing that its accused 
products do not generate regulated voltage within the 
meaning of claim 1 of the '645 patent. This consequently 
triggers Relume's Rule 56(e) burden "to set forth specific 
facts showing that there is a genuine issue for trial." 

Relume lists the following as evidence of Dialight's 
voltage regulation: 1) an advertisement and a marketing 
press release that state that Dialight's accused products 
have voltage regulation; 2) tests performed by Hochstein 
on Dialight's accused products that indicate they keep 
voltage essentially constant across the LEDs (when 
resistance is constant) despite input line voltage 
fluctuations between 80 and 135 volts a.c., (see 
Hochstein Reply Decl. [*809] at P 4); and 3) a statement 
by Relume's expert, Thomas Gafford, that Dialight's 
current sense resistors are also ballast resistors in that 
[**60] they have some ballasting effect, (see Gafford 
Noninfiingement Decl. at PP 6-8). Relume asserts that 
this meager body of evidence creates a genuine issue of 
material fact as to whether the "converter means" of 
Dialight's accused products generates regulated voltage 
within the meaning of claim 1. 

I disagree. Under the construction of claim 1 that I 
have adopted, Relume's evidence does not constitute 
proof of Dialight's literal infringement of the "generating 
regulated voltage" limitation because it leaves undisputed 
Dialight's evidence that shows its accused products have 
a "converter means" that is designed to regulate current. 
The material fact at issue here -is whether Dialight's 
"converter means" is designed for generating regulated 
voltage. Even taken in a light most favorable to Relume, 
all that Relume's evidence demonstrates is that Dialight's 
marketing department thought its accused products 



63 F. Supp. 2d 788, *809; 1999 U.S. Dist. LEXIS 13116, **60 



Page 18 



regulated voltage, that Dialight's current-regulating 
"converter means" produces the same effect as a 
voltage-regulating . "converter means" in ■ the limited 
condition where Ohm's Law predicts it would, and that 
current sense resistors may have a mild ballasting effect 
because they indirectly [**61] affect voltage. None of 
Relume's evidence stands as direct proof that Dialight's 
"converter means" does not regulate current - in other 
words, is not designed for the purpose of generating 
regulated current at its output. 

Indeed, Relume and its expert admit as much. Both 
effectively acknowledge that Dialight's "converter 
means" is designed to regulate current. (See PL's 
Consolidated 0pp. at 37 & 54.) Given my construction of 
"generating regulated voltage," this factual concession 
prevents a jury from reasonably finding in favor of 
Relume as a matter of law. Relume has simply failed to 
satisfy its Rule 56(e) burden of submitting "specific facts" 
sufficient to show a genuine issue for trial. I therefore 
hold that summary judgment of hteral noninfringement in 
favor of Dialight is appropriate with respect to claim 1 of 
the '645 patent. Because dependent claims 2, 4, 5, and 6 
also incorporate the "generating regulated voltage" 
limitation, I further hold that summary judgment of literal 
noninfringement in favor of Dialight is appropriate with 
respect to those claims as well. 

2. EcoIux*s Accused Product 

As Dialight does, Ecolux argues that its accused 
product does not literally [**62] infringe claim 1 
because its "converter means" generates regulated 
current. Ecolux had two experts testify by declaration that 
its power supply is designed to regulate current. The first 
is Mohammed Ghanem, an electrical engineer employed 
by Ecolux, who states in his declaration that "Ecolux uses 
a current regulation flyback switch mode converter and 
therefor [sic] does not use the same approach" as 
Relume's '645 patent. (Ghanem Decl. at 2.) The second is 
Barry Feinberg, a retained expert, who states in his 
declaration that "the Ecolux power supply is a regulated 
current supply or acts as a constant current supply." 
(Feinberg Decl. at 6,) I find that these expert declarations 
suffice to satisfy Ecolux's Rule 56(c) burden. 

Once again, however. Relume does not dispute the 
fact that Ecolux's "converter means" is designed to 
regulate current, (see PL's Consolidated Opp. at 36 & 53), 
but argues instead that its tests show that when resistance 
is constant and line input voltage varies, the voltage 



across the LEDs of the accused product remains 
essentially constant. This is the same literal infringement 
theory I rejected in my claim construction and in my 
analysis of Dialight's accused [**63] products. 
Accordingly, Relume has again failed to satisfy its Rule 
56(e) hysxdtn of showing a genuine issue of material fact 
under the construction of "generating regulated voltage" I 
have adopted. What evidence Relume has against 
Ecolux's current-regulating "converter [*810] means" 
only pertains to whether it incidentally keeps voltage 
constant in the limited circumstance where Ohm's Law 
predicts that it would. 

I therefore hold that simmiary judgment of literal 
noninfringement in favor of Ecolux is appropriate with 
respect to claim 1 of the '645 patent, as well as with 
respect to the dependent claims, claims 2, 4, 5, and 6. 

3. Precision's Accused Product 

Precision also argues that its acciised product does 
not hterally infiinge claim 1 of the '645 patent because its 
"converter means," or interface circuit, is designed to 
regulate current. As supporting evidence, Precision 
submits declarations from two experts, Bradford Perry, 
an electrical engineer at Precision who designed the 
interface circuit, and Alex Severinsky, a retained expert, 
both of which establish in detail that Precision's interface 
circuit is designed to produce regulated current at its 
output. (See Perry Decl. at [**64] PP 15-20; Severinsky 
Decl. at PP 12-25.) Of particular note in these 
declarations is the observation made by both experts that 
Precision's interface circuit does not have a controller that 
performs voltage output monitoring ~ in other words, it 
lacks an output voltage feedback loop. (See Perry Decl. at 
P 21; Severinsky Decl. at P 18.) Precision's expert 
declarations more than suffice to satisfy its Rule 56(c) 
burden on summary judgment. 

As with Dialight and Ecolux, Relume does not 
dispute that Precision's "converter means" is designed to 
regulate current. (See PL's Consolidated Opp. at 33 & 
52.) The evidence Relume does offer against Precision is 
the same flawed body it offered against Ecolux. Thus 
under the construction I have adopted for the "generating 
regulated voltage" Hmitation, Relume has failed to satisfy 
its Rule 56(e) burden. I therefore hold that summary 
judgment of literal noninfringement in favor of Precision 
is appropriate with respect to claim 1 of the '645 patent, 
as well as with respect to the dependent claims, claims 2, 
4, 5, and 6. 
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4. Lumileds' Accused Product 

Lumileds argues that its accused product does not 
literally infringe claim 1 because [**65] its "converter 
means" is designed to regulate current, not voltage. For 
support, it submits a declaration by its retained expert, 
Professor Robert Erickson, who concludes that "the 
power supply used in the Lumileds traffic light performs 
current regulation, not voltage regulation." (Fourth 
Erickson Decl. at P 41.) He bases this conclusion in part 
on his observation that "the [Liunileds] power supply 
does not monitor the output voltage, but instead monitors 
the current through the LED array." (Id.) He also 
observes that because the Lumileds power supply 
regulates current, there are no ballast resistors in the array 
of the accused product. (Id. at P 15-22.) Erickson's 
declaration satisfies Lumileds' Rule 56(c) burden. 

In response, Relume fails to dispute Erickson's 
conclusion that Lumileds' "converter means" is designed 
to regulate current. As with the other three defendants, it 
acknowledges that Lumileds' "converter means" 
generates regulated current. (See PL's Consohdated 0pp. 
at 39 & 55.) The evidence it offers against Lumileds is 
for all purposes nearly identical to the immaterial 
evidence it offered against Dialight. Thus under the 
construction I have adopted for [**66] the "generating 
regulated voltage" hmitation, Relume has failed to satisfy 
its Rule Jdfe) . burden. I therefore hold that summary 
judgment of literal noninfringement in favor of Lumileds 
is appropriate with respect to claim 1 of the '645 patent, 
as well as with respect to the dependent claims, claims 2, 
4, 5, and 6. 

B. The '909 Patent 

1, Dialight's Accused Product 

Dialight utilizes two different temperature 
compensation devices in its LED traffic signals: the "op 
amp" device [*811] and the "current shimt" device. 
Relume has asserted that both literally infringe claims 1, 

2, 3, 6, 7, 9-12, 15, 16, and 18 of its '909 patent. In its 
summary judgment motion, Dialight argues only that its 
"current shunt" device does not literally infringe 
Relxune's asserted claims. 

There is no factual dispute regarding the structure 
and operation of Dialight's "current shunt" device. As 
explained by Dialight's expert, Mr, Eikelberger, it 
consists of a voltage-regulating switching power supply. 



a variable load with a thermistor circuit, and a 
series-parallel LED array. (See Eikelberger Decl. at PP 
5-9.) The switching power supply supplies fixed or 
constant d.c. pulses to the variable load and [**67] the 
LED array. (See id.) If the temperature sensed by the 
thermistor increases, the thermistor sends a signal to the 
variable load to increase its impedance of the current 
supphed by the power supply. (See id. at PP 9-10.) As the 
impedance of the variable load increases, it diverts, or 
"shunts," more current to the LED array. (See id.) The 
increase in current shunted to the LED array compensates 
for the decrease in LED illumination due to increased 
temperature and thus maintains the LED array's luminous 
intensity. (See id.) 

Dialight argues that this "current shunt" device does 
not literally infiinge claim 1 of the '909 patent, as well as 
its dependent claims 2, 3, 6, 7, and 9, because the device's 
switching power supply is not responsive to the luminous 
output signal of a sensor as required by claim 1. Dialight 
explains that the sensor, or thermistor, used in its device 
sends its luminous output signal to the variable load, not 
the device's switching power supply. Relmne does not 
dispute this fact Therefore, because Dialight's "current 
shunt" device lacks a power supply responsive to a 
limiinous output signal from a sensor, I hold that a 
summary judgment of literal [**68] noninfringement in 
favor of Dialight is appropriate with respect to claims I, 
2, 3, 6, 7, and 9 of the '909 patent. 

Dialight also argues that its "current shunt" process 
does not literally infringe method claim 10, as well as its 
dependent claims .11, 12, 15, 16, and 18, because the 
accused process does not use an "adjustable power 
supply" as required by the "supplying" step of claim 10. 
Under the construction that I have adopted for the 
"adjustable power supply" limitation, Relume must 
establish that Dialight's accused process uses a switching 
power supply that is responsive to' a luminous output 
signal from a sensor so that the ON/OFF ciurent pulses 
supplied by the power supply can be adjusted in their 
frequency or pulse width. Relume cannot establish this, 
however, because it is not in dispute that DiaHght's 
accused process uses a switching power supply that is not 
responsive to a luminous output signal from a sensor. 

Therefore, because Dialight's "current shunt" process 
lacks the "adjustable power supply" limitation, I hold that 
summary judgment of literal noninfiingement in favor of 
Dialight is appropriate with respect to claims 10, 11, 12, 
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15, 16, and 18. 

2. Ecolux's Accused [**69] Product 

Ecolux argues that its temperature compensation 
device for LED traffic signals does not literally infringe 
claims 1-3, 6, 7, and 9 of the '909 patent because it lacks 
a sensor that senses a "condition proportional" to the 
luminous output of the LEDs. Ecolux's expert, Barry 
Feinberg, states in his declaration that because Ecolux's 
temperature sensor is mounted on the power supply 
circuit board, and not in with the LEDs, it is not in "a 
location to measure temperature of the LEDs in the 
device." (Feinberg Decl. at P 9.) He also states that "the 
Ecolxix thermistor temperature sensor senses the 
temperature changes in the enclosure due to all energy 
sources, i.e. electrical and thermal in the form of 
conduction and radiation." (Id.) 

As the construction I adopted for "condition 
proportional" made clear, the [*812] location of the 
sensor is irrelevant to that claim limitation. Thus as long 
as a sensor senses a condition that has some fixed relation 
with the LiEDs' Hght output, it qualifies as the "sensor" 
recited in claim 1. Ecolux's evidence does not establish 
that its temperature sensor does not perform the sensing 
function of claim 1. It is possible that the ambient 
temperature [**70] sensed by Ecolux's sensor bears 
some fixed relation to the LEDs' light output. Ecolux has 
therefore failed to satisfy its Rule 56(c) burden. I hold 
that summary judgment of literal noninfiingement in 
favor of Ecolux is not appropriate because Ecolux has not 
shown that a genuine issue of material fact does not exist 
as to whether its sensor senses a "condition proportional." 

3. Lumileds' Accused Product 

Lumileds argues that its accused product does not 
literally infiinge any of the asserted claims of the '909 
patent because it does not maintain the luminous output 
of its LEDs at a predetermined level. As evidence, 
Liunileds offers a graph that shows the luminous output 
of its LEDs declining by 50% as the ambient temperature 
increases from - 40 degrees Celsius to 74 degrees Celsius 
(the industry's specified operating range for traffic lights). 
(See Fourth Erickson Decl. at P 48 & Ex. 23.) 

Reliune does not dispute the fact of the 50% decline. 
Rather, it argues that that decUne must be considered 
essentially constant light output in light of the prior art 
loss of nearly 100% over the same operating range. (See 



PL's Consolidated 0pp. at 49.) This is of course the 
wrong [**71] comparison to be made. To estabhsh literal 
infiingement, Relume must compare the properly 
construed claims of the '909 patent to Lumileds' accused 
product, not Lumileds' accused product to the prior art. 
See Becton, 922 F,2d at 796. The construction I adopted 
for the "maintain.. .at a predetermined level" limitation 
requires Relume to show that Lumileds' accused product 
keeps, or preserves from decline, the luminous output of 
its LEDs at an amount chosen beforehand. No jury could 
reasonably find that Lumileds' undisputed 50% decline in 
luminous output complies with the plain meaning of this 
claim limitation, ^tt Liberty Lobby, 477 U.S. at 252. 

I therefore hold that summary judgment of literal 
noninfiingement in favor of Lumileds is appropriate with 
respect to claims 1-3, 6, 7, 9-i2, 15, 16, and 18 of the 
'909 patent because its accused product lacks the 
"maintain... at a predetermined level" limitation that all 
those claims require. 

VI. VaUdity 

Lumileds has raised two validity challenges to 
Relume's W5 and '909 patents. With the first, Lumileds 
contends that certain claims of both patents are invalid 
because they, were anticipated by [**72] prior art. With 
the second, Lumileds contends that all asserted claims of 
both patents are invalid because they would have been 
obvious to one of ordinary skill in the art at the time they 
were invented. 

Federal statute requires that "each claim of a patent 
(whether in independent, dependent, or multiple 
dependent form) shall be presumed valid independently 
of the validity of other claims." 35 U.S.C. § 282. "The 
presumption of validity under 35 U.S.C. § 282 carries 
with it a presxmiption that the examiner did his duty and 
knew what claims he was allowing." Intervet America, 
Inc. V. Kee-VetLab., Inc., 887 F.2d 1050, 1054 (Fed. Cir. 
1989). In raising its validity challenges, Lumileds has the 
burden of showing invalidity of each claim by clear and 
convincing evidence. See North American Vaccine, 7 
F.3datl579. 

A. Anticipation 

"Under 35 U.S.C. § 102, every limitation of a claim 
must identically appear in a single prior art reference for 
it to anticipate the claim." Gechter v. Davidson, 116 F. 3d 
1454, 1457 (Fed Cir. 1997). [*813] "There must be no ' 
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difference between [**73] the claimed invention and the 
reference disclosure, as viewed by a person of ordinary 
skill in the field of the inyention." Scripps Clinic & 
Research Found, v. Genentech, Inc., 927 F.2d 1565, 1576 
(Fed. Cir. 1991). Anticipation is a question of fact. See 
Glaxo Inc. v. Novopharm Ltd., 52 F.Sd 1043, 1047 (Fed. 
Cir. 1995). Thus "for sununary determination to be 
proper, there must be no genuine dispute whether the 
limitations of the claimed invention are disclosed, either 
explicitly or inherently, by an allegedly anticipating prior 
art reference." Hazani v. U.S. Int'l Trade Comm% 126 
F.Sd 1473, 1477 (Fed Cir. 1997). ■ 

In its response motion on the issue of obviousness, 
Relume alleges that I have already denied Lumileds' 
earher motion for summary judgment on the issue of 
anticipation. This is incorrect. I reserved my ruling on 
Lumileds' pending anticipation motion so that, inter alia, 
I could efficiently decide all dispositive issues raised by 
the parties in one ruling. 

l,T\iQ*645 Patent 

Lumileds asserts that U.S. Patent No. 5,463,280 
issued October 31, 1995 to James C. Johnson ("the 
Johnson patent" or "Johnson") anticipates [**74] claims 
1, 2, and 4 of the '645 patent. Relume does not dispute 
that the Johnson patent is prior art to the '645 patent as 
defined by 55 USC. § 102(a) or (e). 21 Relume did not 
present the prior art Johnson patent to the patent 
examiner when it filed its application for the '645 patent. 

21 Section 102(a) states: "A person shall be 
entitled to a patent unless^— (a) the invention was 
known or used by others in this country, or 
patented or described in a printed publication in 
this or a foreign country, before the invention 
thereof by the applicant for patent." 

Section 102(e) states in pertinent part: "A 
person shall be entitled to a patent unless.. .(e) the 
invention was described . in a patent granted on an 
application for patent by another filed in the 
United States before the invention thereof by the 
applicant for patent." 

Johnson teaches using LEDs to replace incandescent 
bulbs in illuminated signs' such as exit signs. (See 
Johnson, 1:6-10.) Johnson discloses a variety of circuitry 
[**75] configurations for LED arrays and their power 
supplies. ' One such configuration ~ the embodiment 



depicted in Figure 8 of Johnson — teaches a simple series 
LED array ^2 that is supplied electrical power by a 
rectifier and a switching power supply. Of all the 
configurations in the Johnson patent, this one comes 
closest to possessing all the limitations of claim 1 of the 
'645 patent. I find, however, that it explicitly lacks one 
limitation found in claim 1. Specifically, while Johnson 
expressly teaches a switching power supply that performs 
power factor correction, it does not expressly state that 
the power supply also performs a "generating regulated 
voltage d.c. power" function ~ a function required by 
claim 1 of the '645 patent. (See Johnson, 6:67 to 7:10.) 
Thus the Johnson patent's switching power supply is not 
exphcitly identical to the switching power supply of 
claim 1. 

22 Relume's primary argument against the 
anticipation of claim 1 by the Johnson patent 
relied on its erroneous, series-parallel construction 
of "LED array," Under the construction I have 
adopted for that phrase, the series LED array 
disclosed in the Johnson patent falls within the 
scope of the '645 patents "LED array" element. 

[**76] The question then becomes whether Johnson 
inherently discloses a voltage-regulating switching power 
supply that is identical to that of claim 1. To show an 
inherently anticipating disclosure on summary judgment, 
Lumileds must clearly and convincingly establish that 
there is no genuine issue as to whether claim ' I's 
voltage-regulating switching power supply is "necessarily 
present" in the Johnson patent and "that it would be so 
recognized by persons of ordinary skill." Electro, 34 F.Sd 
at 1052. The undisputed evidence does establish this. 
Specifically, Professor Erickson has concluded that a 
person of [*814] ordinary skill in the art would have 
recognized that the MC 34261 Motorola power factor 
controller reconunended by the Johnson patent for use in 
its switching power supply was "designed to be used in a 
voltage regulated power factor correction converter." 
(Thnd Erickson Decl. at P 17.) This is so, Erickson states, 
because the Motorola controller "is designed with a 
Voltage feedback input'.. .which typically is used to 
monitor the output voltage for voltage regulation," (Id.) 
Relume does not contest Erickson's conclusion. 

Accordingly, I hold that summary judgment of 
[**77] invalidity is appropriate because Lumileds has 
clearly and convincingly shown that no genuine issue of 
material fact exists as to the anticipation. of claim 1 by the 
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Johnson patent's identical device. 

Lumileds also argues that the Johnson patent 
anticipates the invention of claim 2 of the *645 patent. 
Claim 2 specifies that the power factor correction 
converter means is "a power factor correcting and voltage 
regulating buck/boost switchmode converter." '645, 
13:33-36. Because the Johnson patent explicitly discloses 
a switchmode converter (or switching power supply), 
Lumileds argues that Johnson inherently discloses a 
buck/boost switchmode converter. I do not find, however, 
that the Johnson patent supports this conclusion as a 
matter of law. The evidence in this case establishes that a 
person of ordinary skill in the art would recognize that a 
switchmode converter has three forms: buck, boost, and 
buck/boost. Johnson does not disclose that any one of 
those forms must necessarily be associated with its 
switchmode converter. Thus the fact that three possible 
forms exist precludes the argument that any one form is 
necessarily present. See Continental Can Co. USA, Inc, v. 
Monsanto Co,, 948 K2d 1264, 1268-69 (Fed. Cir. 1991) 
[**78] (concluding that feature that "may result" from 
prior art configuration is not an "inherent" feature"). 

Accordingly, I hold that summary judgment on the 
issue of anticipation is inappropriate with respect to claim 
2 of the '645 patent because Lumileds has failed to 
present sufficient evidence showing that a buck/boost 
switchmode converter would be necessarily present in the 
Johnson device. 

Finally, Lumileds contends that the Johnson patent 
also anticipates claim 4 of the '645 patent. Claim 4 
requires the additional element of an "electromagnetic 
interference filter means." '645, 13:43. The Johnson 
patent lacks an electromagnetic interference filter ("EMI 
filter"). Limiileds argues that it inherently discloses one 
because federal regulations now require EMI filters and 
the data, sheet for the MC 34261 Motorola controller 
discloses using an EMI filter in combination with the 
controller. At best, Lumileds' evidence raises a genuine 
issue of material fact as to whether Johnson inherently 
discloses an EMI filter. The Motorola- data sheet only 
proves that an EMI filter can be used with the Johnson 
device, not that it necessarily results from Johnson. As 
for the federal regulation, it is not [**79] clear from the 
section referred to by Professor Erickson, 47 C.RR. Part 
15, whether it even appUes to the Johnson device, 
whether it was in effect at the time of the Johnson 
device's invention, or whether it would require an EMI 



for compliance. 

Accordingly, I hold that summary judgment on the 
issue of anticipation is inappropriate as to claim 4 of the 
'645 patent because Lumileds has not offered evidence 
sufficient to satisfy its Rule 56(c) burden. 

l.The '909 Patent 

Lumileds asserts that a Japanese patent filed by 
Fujitsu Co., Ltd. in January 1987 and published in July 
1988 as publication No. 63-178221 ("the' Fujitsu 
publication" or "Fujitsu") anticipates claims 1-3, 7, 
10-12, and 16 of the '909 patent. Relume does not dispute 
that the Fujitsu publication is prior art to the '909 patent 
as [*815] defined by 35 U.S.C § 102(b). 23 Relume did 
not present the prior art Fujitsu pubhcation to the patent 
examiner when it filed its application for the '909 patent. 

23 Section 102(b). states: "A person shall be 
entitled to a patent unless... (b)the invention was 
patented or described in a printed publication in 
this or a foreign coxmtry or in public use or on 
sale in this country, more than one year prior to 
the date of the appUcation for patent in the United 
States." 

[**80] The translated Fujitsu publication is entitled 
"Lighting Circuit for LED Array for Illumination," 
(Lumileds' Anticipation Mot, at Ex. 7.) It states that the 
object of its invention is "to provide a lighting circuit 
which is not affected by temperature changes and whose 
illumination output light is always of constant intensity 
and good efficiency." (Id.) The Fujitsu publication's sole 
claim reads as follows: 

A lighting circuit for an LED array for illumination, 
comprising: 



LED array (I), 

temperature detection means (2) 
provided at this LED array (I), 

lighting control circuit (3) which 
inputs a temperature signal from this 
temperature detection means (2) and 
outputs a pulse signal whose duty ratio is 
controlled in accordance with the relevant 
temperature signal, and 
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power source (4) connected to said 
LED array (1) via this lighting control 
circuit (3) 

(Id.) Fujitsu's "lighting control circuit" regulates the 
electrical pulses or "signal pulses" it sends to the LED 
array by the use of a switch or "switching transistor T." 
(Id.) Fujitsu explains that the "switching transistor T has 
the role of turning on and off the electricity from the 
power source 4, which [**81] is supplied to LED array 
I." (Id.) These facts about the components and operation 
of the Fujitsu invention are undisputed. Indeed, Relume 
does not, and cannot, contest that Fujitsu discloses a 
device that has exactly the same purpose as the device of 
its '909 patent: to maintain the luminous output of LEDs 
at a predetermined level through the use of a sensor 
feedback loop and an adjustable power supply. 

Relume's entire argument against the anticipation of 
claim 1 by Fujitsu is this: the Fujitsu device lacks a 
power supply that includes a switch. In other words, 
Relume believes that the Fujitsu switch is not within the 
Fujitsu power supply as required by the "including" 
limitation of claim 1. Relume's reasoning in support of its 
argument: the Fujitsu "power source" is really its power 
supply and thus Fujitsu's switch, which is located in the 
lighting control circuit and not in the power source, lies 
outside its power supply. 

24 This is also Relume's only argument against 
the anticipation of claims 2, 3, 7, 10, 11, 12, and 
16 by Fujitsu. 

[**82] My analysis of Relume's argument begins 
with the construction I adopted for the "including" 
hmitation of claim 1, I determined that the intrinsic 
evidence of the '909 patent would lead a person of 
ordinary skill in the art to understand "said power supply 
(16) including a switching device" to mean that a 
switching power supply was required. As has been well 
established, a switching power supply must have at least 
two basic components: a converter, or switch, and its 
controller circuit. It is also well established by the totahty 
of evidence in this case that a switching power supply's 
function is to take incoming electrical power from some 
existing power source and convert it (thus the label 
"converter") into whatever form of electrical power - 
voltage-regulated, current-regulated, power factor 
corrected, etc. — works best for the device to which it 
supplies power. Thus a switching power supply does not 



make power; rather, it transforms (modifies, regulates) 
ah-eady generated power according to the needs of the 
load it serves (in this case, an LED array). 

[*816] These fundamental realities of the art make 
it clear that Fujitsu's lighting control circuit, not its power 
source, is a switching [**83] power supply in design and 
function. It has a switch ~ the "switching transistor T" 
and it has circuitry that controls the turning on and off of 
that switch. It is also "responsive to said luminous output 
signal for adjusting the electrical energy supplied by said 
pulses per unit of time to adjust the average of said 
current passing through said LED." *909, 7:8-11. As 
Fujitsu explains: 

Temperature detection means 2 detects 
the temperature of LED array 1 and sends 
a temperature signal to lighting control 
circuit 3. Based on this temperature signal, 
lighting control circuit 3 controls the duty 
ratio of a constant cycle lighting pulse to 
the desired value, and the electricity from 
power source 4 is turned on and off, and 
LED array 1 is lighted, and the amount of 
light is controlled to be constant, 

(Lumileds* Anticipation Mot. at Ex. 7.) Thus Fujitsu's 
lighting control circuit functions as a switching power 
supply for the particular purpose of LED temperature 
compensation. It takes incoming power generated 
elsewhere and converts it into a form of electrical power 
~ here, pulses of power that vary in their width 
depending on the temperature sensor's input - that better 
[**84] suits teniperature-sensitive LEDs and therefore 
results in a constant level of illumination. 

The only evidence Relume has that suggests the 
lighting control circuit of Fujitsu might not be a 
switching power supply is the conclusory statement of its 
expert, Thomas Gafford, (see Gafford Decl. at PP 17-19), 
and the fact that the '909 patent just once appears to use 
the phrases "power source" and "power supply" 
synonymously, see '909, 5:1-3. I reject Gafford's opinion 
on this point because his conclusory assessment is 
without a reliable factual foundation 25 and because it 
ignores, the voluminous evidence on record - the '645 
patent, the '909 patent, the Power Supply Cookbook, etc. 
~ that attests to the basic structure and identity of 
switching power supplies. See Union Carbide Corp, v. 
American Can Co:, 724 FM 1567, 1572 (Fed. Cir. 1984) 
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. As to the '909 patent's statement in question - "switch 
mode supplies include any power source 16 that is turned 
on and off — I find that it actually works against Relume 
because the Fujitsu publication . explicitly describes the 
lighting control circuit performing the exact same 
function. 

25 In attempting to rebut Lumileds' evidence, 
Gafford does not conduct an analysis of the 
structure and function of Fujitsu's lighting control 
circuit and then explain how the circuit differs 
from the structure and function of switching 
power supplies as understood in the art. Gafford 
simply assxxmes from the outset that Fujitsu's 
"power source" is Fujitsu's power supply. The 
Supreme Court's recent decision in Kumho Tire 
Co, V. Carmichael, 526 U.S. 137, 119 S. Ct. 1167, 
143 L Ed. 2d 238 (1999), requires me to perform 
a gatekeeping role as to all proffered expert 
testimony. See 119 S, Ct. at 1174. Because I find 
Gafford's opinion on the issue of the lighting 
control circuit's identity to be unreliable, I reject it 
pursuant to Kumho. 

Furtheimore, it is revealing to contrast 
Gafford's opinion on this issue with the opinion of 
Lumileds' expert, Professor Erickson, who 
conducts a precise and cogent examination of the 
Fujitsu lighting control circuit and explains how 
one of ordinary skill in the art would recognize it 
as a switching power supply, (See Third Erickson 
Decl. at PP 40-49.) I find that this section of 
Professor Erickson's declaration constitutes 
additional clear and convincing evidence that the 
Fujitsu Ughting control circuit is a switching 
power supply. 

[**85] Accordingly, I find that there is no genuine 
issue of material fact as to whether Fujitsu's lighting 
control circuit is a switching power supply as understood 
by those of ordinary skill in the art. The question then 
becomes whether Fujitsu's lighting control circuit is 
explicitly identical in every limitation to the "switching 
device" element recited by claim 1 of the '909 patent. See 
Gechter, 116 F.3d at 1457. I find that it is. It is 
undisputed fact that Fujitsu's lighting control circuit has a 
switch or switching device, that its [*817] switching 
device is responsive to the feedback of a sensor that 
senses a condition proportional to the LEDs' luminous 
output, and that the switching device responds to the 



sensor's signal by adjusting the current pulses it supplies 
to the LEDs (and thus the average current in the LEDs) in 
order to maintain the LEDs' luminous output at a 
predetermined level. See '909, 7:7-12. 

It is also undisputed fact that the Fujitsu reference 
explicitly discloses the three other elements of claim 1. It 
teaches "at least one light emitting diode," its thermistor 
is explicitly "a sensor.. .for sensing a condition 
proportional to said luminous output [**86] of said LED 
(12) and for producing a luminous output signal," and its 
lighting control circuit would be recognized by one of 
ordinary skill in the art as "a power supply (16) 
electrically coimected to said LED (12) for supplying 
ON/OFF pulses of electrical energy to produce the 
luminous output of said LED." See '909, 6:66 to 7:6. 
Because there is "no genuine dispute" that the prior art 
Fujitsu publication explicitly discloses every limitation of 
claim 1 of the '909 patent, and thus anticipates claim 1, 1 
hold that summary judgment of invalidity is appropriate 
with respect to claim 1. Genentech, 927 F.2d at 1576. I 
also hold that simimary judgment of invalidity is 
appropriate with respect to claim 10 because the recited 
method of claim 10 parallels claim 1 in its elements. ^6 

26 My claim construction of claim lO's 
"adjustable power supply," which determined that 
the phrase required a switching power supply 
responsive to the sensor's luminous output signal, 
resolves Relume's argument that Fujitsu does not 
disclose an "adjustable power supply." This was 
Relume's only argument against the anticipation 
of claim 10 by Fujitsu. 

[**87] Dependent claim 2 and the parallel method 
of dependent claim 11 recite a means, or a step, for 
"sensing changes in the temperature of said LED (12)." It 
is an undisputed fact that Fujitsu explicitly discloses a 
thermistor that senses the- temperature of the LEDs. 
Accordingly, summary judgment of invahdity is 
appropriate with respect to the anticipation of claims 2 
and 1 1 by Fujitsu. 

Dependent claim 3 and the parallel method of 
dependent claim 12 require the sensing means or step to 
include "a predetermined temperature behavior model." It 
is an undisputed fact that the Fujitsu publication 
explicitly discloses an electronic chip pre-programmed 
with an LED temperature behavior model that is used in 
conjunction with the sensor's luminous output signal. The 
specification of the '909 patent discloses the same type of 
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chip with the same function. Accordingly, summary 
judgment of invalidity is appropriate with respect to the 
anticipation of claims 3 and 12 by Fujitsu. 

Dependent claim 7 and the parallel method of 
dependent claim 16 require the switching device, or 
"adjusting" step, to adjust the electrical pulses by 
adjusting their width. It is an undisputed fact that Fujitsu 
explicitly [**881 discloses a switching device that 
adjusts its electrical pulses by adjusting their width. 
Accordingly, summary judgment of invalidity is 
appropriate with respect to the anticipation of claims 7 
and 16 by Fujitsu. 

B. Obviousness 

According to 35 U.S.C § 103, prior art invalidates a 
patent for obviousness when the "subject matter sought to 
be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time 
the invention was made to a person having ordinary skill 
in the art to which the subject matter pertains." See, e.g., 
Richardson-Vicks, Inc. v. Upjohn Co., 122 F3d 1476 
(Fed. Cir, 1997) (holding patent invalid for obviousness). 
An obviousness inquiry under section 103 ultimately 
presents a question of law. See In re Donaldson Co., Inc., 
16 R3d 1189,. 1192 (Fed Cir. 1994) (unanimous enbanc 
decision). In answering that question, I must address four 
underlying factual considerations: [*818] (1) what is the 
scope and content of the prior art; (2) what are the 
differences, if any, between the claims at issue and the 
prior art; (3) what would have been the level of ordinary 
skill in [**89] the prior art at the time of the invention; 
and (4) are there any secondary considerations of 
non-obviousness. See Graham v. John Deere Co., 383 
U.S. 1, 17, 15 L. Ed 2d 545, 86 S. Ct 684 (1966). 

Lumileds argues that resolution of these four factual 
inquiries clearly and convincingly estabhshes that the 
remaining asserted claims of the '645 patent ~ claims 2, 
4, 5, and 6 - and the '909 patent claims 6, 9, 15, and 18 
- are invalid for obviousness in light of the relevant prior 
art at the time of their invention. Relume argues that 
genuine issues of material fact exist that preclude 
summary judgment on the issue of obviousness. 

1. The Scope and Content of the Prior Art 

The Federal Circuit has repeatedly held that the 
scope of the relevant prior art consists of those references 
"reasonably pertinent to the particular problem with 



which the inventor was involved." In re GPAC, Inc., 57 
F3d 1573, 1577 (Fed Cir. 1995). "Therefore, the prior 
art relevant to an obviousness determination necessarily 
encompasses not only .the field of the inventor's endeavor 
but also any analogous arts." Id. at 1577-78. Accordingly, 
in determining [**90] ■ whether a reference is from a 
relevant prior art, I "first must determine whether the 
reference is within the inventor's field of endeavor, and if 
it is not [I] next must determine whether the reference is 
reasonably pertinent to the particular problem confronting 
the inventor." Id. at 1578, 

Relume believes there is a genuine dispute 
concerning the fields of endeavor for both of its patents. 
It contends that the field of the inventor^s endeavor for 
the '645 patent is "clearly no broader than LED array 
traffic signals." (PL's Obviousness 0pp. Mot. at 7.) 
Relume also contends that the field of endeavor for the 
'909 patent is "safety-critical outdoor LED signals." {Id. 
at 5.) Relume's contentions rely on Gafford's reading of 
the patents. (See Gafford's Obviousness Decl. at PP 
8-11). 

Lumileds contends that the field of endeavor for the 
'645 patent is "power supplies, power supplies for LEDs, 
and circuits for preventing leakage current." (Lumileds' 
Obviousness Mot at 16.) Lumileds also contends that the 
field of endeavor for the '909 patent is "techniques for 
maintaining the. luminous output of an LED when 
temperatures rise." (Lumileds* Reply Br. at 15.) Lumileds* 
[**91] contentions rely on Professor Erickson's reading 
of the patents, (see Third Erickson Decl, at PP 8 & 41), 
and the deposition testimony of Hochstein, the patents' 
inventor. 

I find no genuine dispute in the evidence regarding 
the '645 patent's field of endeavor. Lumileds' 
understanding of the '645's field fully reflects both the 
patent's own statement of its field and the inventor's own 
understanding of his field of endeavor. The '645 patent 
states at its outset that its invention "relates generally to 
an apparatus for generating power to a light emitting 
diode array and, in particular, to a power supply for 
operating light emitting diode array traffic signals." '645, 
1:5-8. Gafford's opinion focuses exclusively on the 
second half of this statement - everything after the "in 
particular" ~ and so he ignores the full scope of the 
patent's own definition of its field. Gafford's opinion also 
ignores the specification's unrestricted description of its 
invention as "an apparatus for supplying regulated 
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voltage d.c. electrical power to an LED array." '645, 
3:18-19. Finally, Gafford's opinion clashes with 
Hochstein's own identification of his field of endeavor as 
being a.c. powered LED [**92] arrays. ^7 (ggg 
Hochstein Dep. at 163-64.) 

27 Here is the pertinent section of Hochstein's 
deposition: 

Q Now, your patent, the 645 
patent, you're saying is only 
limited to AC LED arrays? 

A No. It's limited to what the 
claims say it's Hmited to. It's an 
LED array driven from the AC 
power line with power factor 
controller and voltage regulation. 

Q It doesn't have to be a traffic 
light; correct? 

A No. It has to be an 
AC-powered device. 

Q Any AC-powered device? 

A An AC-powered array of 
LEDs. That has voltage regulation 
power factor control and the 
dependent claims. 

(Hochstein Dep. at 163-64.) Reinforcing this 
testimony and Lumileds' understanding of the 
patent's field of endeavor, the specification 
mentions that a.c. powered LED arrays have 
many "common applications" beyond traffic 
lights ~ for instance, as "status annunciators, 
message boards, liquid crystal display back 
lights." '645, 1:11-17. 

. [*819] For all of these reasons, then, I find that 
Gafford's opinion on this [**93] issue is "not 
significantly probative" and thus fails to create a genuine 
issue of material fact as to the field of the inventor's 
endeavor for the '645 patent'. See Liberty Lobby, 477 U.S. 
at 249-50. Accordingly, I adopt the field proposed by 
Lumileds. I specifically find that the inventions of claims 
2 and 4 are within the field of power supplies for a.c. 
powered LED arrays and that the inventions of claims 5 
and 6 are within the field of power supplies for ax. 



powered LED arrays that use circuits to prevent leakage 
current. 

I likewise find no genuine dispute in the evidence 
regarding the ^909 patents field. Lumileds' imderstanding 
of its field again enjoys the full support of the patent and 
its inventor. To begin with, the '909 patent states that the 
technical field of its "subject invention relates to light 
emitting diodes" and nothing else, '909, 1:4-5. It 
describes its invention as a "circuit for maintaining the 
luminous intensity of a light emitting diode." '909, 2:7-8. 
The preferred embodiments mention no restriction to 
safety critical outdoor signals and neither do the claims. 
Furthermore, while the specification's background section 
evinces a concern for [**941 LED temperature 
degradation in safety-critical outdoor applications, it does 
not state that the invention only has significance for those 
applications. This makes sense given that all LEDs, 
regardless of whether they are used indoors or outdoors, 
can suffer from degradation of their luminous output due 
to temporarily increased operating temperatures or the 
passage of time. Finally, Hochstein himself was adamant 
that the invention of the '909 patent, and thus his field of 
endeavor, involved circuits for maintaining LED 
luminous intensity. ^8 (See Hochstein Dep. at 163.) 

28 Here is the pertinent section of Hochstein's 
deposition: 

Q What two appHcations? 

A What shows up in the 909 
patent, has nothing to do with AC 
power supplies. 

Q Okay. What does it have to 
do with? 

A Maintaining Ixmiinous 
intensity of LEDs, period. 

Q Any type of LEDs? 

A That's correct. This patent 
has to do only with AC-powered 
LED arrays. 

Q "This" being the 645 
patentl 

A The 645 patent. 



63 F. Supp. 2d 788, *819; 1999 U.S. Dist. LEXIS 13116, **94 



Page 27 



(Hochstein Dep. at 163.) 

[**95] Because Gafford's opinion as to the '909's 
field ignores these undisputed facts, I find once again that 
his declaration fails to demonstrate , a need for trial. See 
Liberty Lobby, 477 U.S. at 249-50, Accordingly, I adopt 
the field proposed by Lumileds. I find that the inventions 
of claims 6, 9, 15, and 18 are within the field of circuits 
for maintaining the luminous intensity of an LED when 
temperature rises. 

Having determined the field of the inventor's 
endeavors with respect to both patents, the question then 
becomes whether the prior art offered by Lumileds falls 
within those fields. As relevant prior art to tiie '645 
patent, Lumileds has submitted the Power Supply 
Cookbook, the akeady discussed Johnson patent, the MC 
34261 Motorola power factor controller that Johnson 
recommends in its specification, and U.S. Patent No. 
5,075,601 issued December 24, 1991 to Cleve R. 
Hildebrand ("the Hildebrand patent" or "Hildebrand"), 
[*820] which teaches the use of a dynamic load circuit to 
prevent leakage current fi-om triggering conflict monitors 
in traffic or pedestrian signals. 

The Johnson patent clearly lies within the '645 
patent's field; it states that some of its LED array [**96] 
embodiments can be used with a.c. power. Johnson, 
2:42-43. Because Johnson is relevant prior art, so too is 
the MC 34261 Motorola controller it references. 
Likewise, the Power Supply Cookbook must also be 
within the '645 patent's field because it is referred to by 
the '645 patent, '645, 3:13-15. Finally, even though 
Relume disputes the exact operation and structure of the 
Hildebrand circuit as compared to its adaptive clamp 
circuit, it cannot dispute that the Hildebrand circuit 
functions for the purpose of eliminating leakage current 
problems. Hildebrand, 1:5-10. Thus Hildebrand is within 
the field of the inventions of claims 5 and 6. 

29 I note that even if Relume's proposed field of 
endeavor were to be accepted for the '645 patent, 
the prior art offered by Lumileds would still be 
analogous art because each seeks to address the 
same problems that Hochstein addressed in the 
'909 patent. See In re GPAQ 57 F.Sdat 1578. For 
instance, claim 1 addresses the problems of poor 
power factor and varying LED illumination due to 
fluctuating input line voltage. So too do the 
Johnson patent, the Motorola controller, and the 
Power Supply Cookbook. 



[**97] As relevant prior art to the '909 patent, 
Lumileds has offered the Fujitsu publication and two 
power supply textbooks ~ the Power Supply Cookbook 
and Bernard Grob's Electronic Circuits and Applications 
(1982) ~ both of which describe (1) various techniques 
for adjusting on/off pulses of energy fi-om a switching 
power supply and (2) using filters to convert on/off 
pulses to substantially direct current ("d.c"). Fujitsu is 
clearly within the field of the '909 patent; as my analysis 
of the anticipation issue makes clear, both circuits 
fiinction for the purpose of maintaining the luminous 
intensity of an LED when temperature rises. Because the 
use of a switching power supply is necessary to 
accomplish that function, both power supply textbooks 
are also within the field of the '909 patent. 

30 I note again that even if Relume's proposed 
field of endeavor were accepted for the '909 
patent, the prior art submitted by Lumileds would 
still be analogous art because each seeks to 
address the same problems that Hochstein sought 
to. address in the '909 patent. See In re GPAQ 57 
F.3datl578. 

[**98] 2. The Level of Ordinary Skill in the Art 

I may consider a variety of factors in determining the 
level of ordinary skill in the art at the time of the alleged 
invention. See In re GPAC, 57 F.Sd at 1579. Some of 
those factors include the "type of problems encountered 
in the art; prior art solutions to those problems; rapidity 
with which innovations are made; sophistication of the 
technology; and educational level of active workers in the 
field." Id. The time of invention for each asserted claim 
of the '645 patent and the '909 patent ranges between 
December 25, 1994 and January 31, 1996. 31 (See 
Hochstein Dep. at 83-84 & Dep. Ex. 9.) 

3 1 According to Relume's evidence, Hochstein 
places his date of conception of each asserted 
claim of the '645 patent accordingly: claim 1 on 

. December 25, 1994; claim 2 on January 31, 1996; 
claim 4 on April 18, 1995; and claim 5 and 6 also 
on January 31, 1996, (See Hochstein Dep. at 
83-84 & Dep. Ex. 9.) Likewise, for the asserted 
claims of the '909 patent, he has placed 
conception at the following dates: claims 1, 9, 10, 
18 on April 22, 1995; and claims 2, 3, 6, 7, 1 1, 12, 

* 15, and 16 on January 31, 1996. (See id.) 
Lumileds has not disputed these dates. 
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[**99] Lumileds' expert, Professor Erickson, states 
in his declaration that he "would consider the level of 
ordinary skill in the art as of the mid 1990's to be at least 
that of a senior technician with a two year associates 
degree in electronics and over five years of experience in 
power electronics or a junior engineer with an 
undergraduate degree in electrical engineering and at 
least three years of experience in power electronics." 
(Third Erickson Decl. at [*821] P 7.) He bases his 
conclusion on "interactions with people in the industry, 
consulting with companies, and attending industry 
conferences." (Id.) 

Relume's expert, Mr. Gafford, believes the level of 
ordinary skill was lower at that time: "at most that of a 
bachelor's degree in electrical engineering and two to 
four years experience in that field [LED array traffic 
signals and safety critical outdoor LED signals]." 
(Gafford Decl. at P 13.) Gafford bases his opinion on 
three pieces of evidence: 1) a Dialight patent from 
mid- 1996 that he concludes shows only rudimentary 
circuitry for its LED product, 2) the fact that Bradford 
Perry, who is a design engineer for Precision, had no 
experience in LED signals when he was hired by 
Precision, [**100] and 3) the fact that Lumileds' 
30(b)(6) technical witness, Marcel Bucks, testified that 
the state of LED traffic light products at the beginning of 
1996 was basic. (See id at PP 14-17.) 

Relume contends that the disagreement between the 
experts is a genuine dispute worthy of trial. I disagree, 
Gafford's analysis is premised on Relume's erroneously 
restricted view of the relevant fields of endeavor for the 
two patents, (See id. at PP 12-13,) Moreover, his 
sweeping opinion relies on anecdotal evidence. The 
Dialight patent, Perry's level of skill, and Buck's 
testimony do not overcome the evident technological 
sophistication' of the body of relevant prior art on record: 
that is, the Power Supply Cookbook, the Johnson 
patent, the Hildebrand patent, the Fujitsu publication, and 
the prior art cited in the '645 and '909 patents. See In re 
GPAQ 57 F.3d at 1579 (noting that review of prior art 
references provides "valuable insight" into level of skill 
in the art). 

32 Bucks did not testify that the level of ordinary 
skill in the art was basic in 1996 but only that 
those products he tested at that time were basic in 
design because there were no industry 
specifications requiring anything more. (See 



Bucks Dep. at 52-54.) He also testified that 
Philips and Hewlett-Packard were already 
working on an advanced LED power supply at 
that time. (See Bucks Dep. at 54-55, 303-05.) 
[**101] 

33 Notably, the Power Supply Cookbook, which 
was published in 1994, states in its introduction 
that switching power supplies are "complicated to 
design" and "unfamiliar to the typical design 
engineer." M a/ 25. 

Indeed, I find the range of relevant prior art to be 
dispositive as to the question of ordinary skill. It shows 
that in the fields of both patents, a person of ordinary skill 
would need to imderstand not only the design issues 
associated with LEDs — their sensitivity to temperature 
and/or input voltage fluctuations, their degradation over 
time, etc. - but also the design issues associated with 
switching power supplies — electromagnetic interference, 
the pros and cons of voltage v. current regulation, power 
factor correction, etc. Lumileds' proposed level of skill is 
consistent with the breadth of knowledge required by the 
inventions of the '645 and the '909 patents. 

Even if the lesser level of skill offered by Relume 
were found to have sufficient support in the evidence to 
create a factual dispute, Relume has not shown that this 
dispute would have a material bearing on the [**102] 
non-obviousness inquiry before me. There has been no 
evidence entered that suggests that Relume's lesser level 
of skill would preclude a person of ordinary skill in the 
art from recognizing that the relevant prior art submitted 
by Lumileds made the asserted claims obvious at the time 
of their invention. 

Accordingly, I find that no genuine issue of material 
fact exists as to the ordinary level of skill at the time of 
the invention of the '645 and '909 patents. The evidence 
clearly and convincingly supports the level of skill 
proposed by Lumileds. Relume has offered only a 
"scintilla of evidence" for its position. Liberty Lobby, 
477 U.S. at 252. 

3. Differences, If Any, Between the Invention and the 
Prior Art. 

a. Claims 2 and 4 of the '645 Patent 

Lumileds contends that there is no meaningful 
difference for obviousness purposes [*822] between the 
Johnson. patent and claim 2 of the '645 patent. As stated 
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before, claim 2 requires that the '645 patents power 
factor correction converter means be a bxiclo^oost 
switchmode converter. The Johnson patent explicitly 
discloses a switchmode converter but does not specify its 
type, i.e. whether it is a buck., boost, or buck/boost 
[**103] converter. Professor Erickson has testified that it 
would have been obvious to one of ordinary skill to use a 
buck/boost converter with the Johnson device because the 
Power Supply Cookbook explained how to implement 
such a circuit for switching power supplies. (See Third 
Erickson Decl. at P 20.) He explains that "even a skilled 
technician would know to select a buck/boost converter if 
the input voltage could be either higher or lower than the 
desired output voltage." {Id, at P 19) 

' Relume has only two arguments in response. First, 
the Johnson patent does not disclose a device with the 
LED array required by claim 1 because its Figure 8 
embodiment lacks a series-parallel configuration. My 
claim construction of "LED array" has eliminated this 
argument. The second argument, then, is Relume's only 
remaining argument against a finding of obviousness as 
to claim 2. That argument is this: even if left unrebutted, 
Professor Erickson's third declaration does not establish 
obviousness because 1) he "never even states that the 
asserted claims would have been obvious at the time of 
the invention"; and 2) he generally fails to state the 
motivation for combining relevant prior art. [**104] 
(PL's Obviousness 0pp. Mot. at 23-24.) 

The first criticism is baseless. With respect to his 
third declaration, Professor Erickson states in his third 
supplemental declaration that "all of my opinions 
conceming obviousness were made fromi the point of 
view of a person of ordinary skill in the art as of the time 
of the mventions of the '645 and '909 patents, that is, as 
of the mid 1990's." (Third SuppL Erickson Decl. at P 61.) 

The second criticism is likewise baseless. Professor 
Erickson is carefiil throughout both of his obviousness 
declarations to explain what motivation, suggestion, or 
incentive in the relevant prior art would have made a 
combination obvious to one of ordinary skill in the art at 
the time of the invention at issue. In fact, Relume's 
criticism reveals a flaw in its own strategy in defending 
against Lumileds' obviousness challenges. Relume would 
have me treat the obviousness test with the stringency of 
an anticipation test, permitting no combinations to ever 
invalidate an invention as obvious simply because they 
are combinations. 



In this vein, Relume accuses Professor Erickson of 
repeatedly using only the level of knowledge of one of 
ordinary skill in the art to ["*105] supply missing 
suggestions to combine. Relume believes his declaration 
offends Al-Site, supra, in which the Federal Circuit 
reaffirmed the fundamental principle that skill in the art 
will rarely operate to supply missing knowledge or prior 
art to reach an obviousness judgment. See 174 F.3d at 
J 324. As the court further explained, "skill in the art does 
not act as a bridge over gaps iri substantive presentation 
of an obviousness case, but instead suppHes the primary 
guarantee of objectivity in the process." Id. 

While I of course heed the warning of Al-Site, I 
nevertheless find that its concern is inapplicable to the 
facts of this case. First of all, nearly all of the prior art at 
issue in Al-Site had been presented to the patent 
examiner by the patentee; the Federal Circuit observed 
that this made the obviousness burden more difficult to 
overcome. See id. at 1323-24. Here, in contrast, some of 
the most important prior art was not before the patent 
examiner, as indicated by my anticipation holdings. Thus 
Lumileds' burden is more easily overcome. See 
Para-Ordnance Mfg. Inc. v. SGS Importers Int'l Inc., 73 
F.3d 1085, 1088-89 (Fed Cir. 1995), [**106] cert, 
denied, 57P U.S. 822, 136 L. Ed 2d 38, 117 S. Ct 80 
(1996). Second, it is important [*823] to note that 
Al- Site's caution does not apply when the prior art ' 
references themselves provide some explicit or implicit 
motivation, suggestion, or incentive for combination. See 
Al-Site, 174 F.3d at 1324. As will become clear, the prior 
art references at issue in this case provide their own 
suggestions and incentives for combination. And, third, 
the court in Al-Site noted that the evidence against the 
asserted combination was substantial. See id. That is not 
the case here. 

, The first good example of the inapplicability of 
Al-Site is Lumileds' obviousness challenge to claim 2 of 
the '645 patent. The interesting fact about the Johnson 
patent, and why it is so damaging to the validity of 
Relume's '645 patent, is that it is itself already a 
combination. It wed the art of power supply electronics ~ 
in particular, the art of switching power supplies (as 
explained in the Power Supply Cookbook) - to the art of 
retrofit LED arrays for the benefit of efficient, 
long-lasting illumination. This is undisputed (and. also 
why Johnson anticipates claim [**107] 1). Also 
undisputed is the fact that inherent in the use of switching 
power supphes at that time was the knowledge that only 
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three configurations existed: buck, boost, and buck/boost. 
Thus by teaching a switching power supply, the Johnson 
patent would have implicitly suggested to one of ordinary 
skill in the art the possibility of using a buck/boost 
switchmode converter for its power supply. This is all 
that Professor Erickson's opinion seeks to explain. Thus I 
fmd his unrebutted opinion regarding claim 2 to be clear 
and convincing evidence of the obviousness of that claim. 
I also find the relevant prior art references — the Johnson 
patent and the Power Supply Cookbook in particular -- to 
be clear and convincing evidence, on their own, of the 
obviousness of claim 2. 

Lumileds also argues that there is no difference for 
obviousness purposes between claim 4 of the '645 patent 
and the Johnson patent. Claim 4 recites the additional 
Hmitation of an EMI filter. Relume again has the same 
two flawed arguments in response. It does not submit 
evidence to rebut the evidence of the prior art references 
or Professor Erickson's opinion. Erickson concludes that 
the Johnson patent would have [**108] made the 
invention of claim 4 obvious to one of ordinary skill in 
the art because, among other things, the data sheet for the 
MC 34261 Motorola controller recommended by Johnson 
describes using an EMI filter. (See Third Erickson Decl. 
at PP 21-25.) Erickson points out that "every power 
supply circuit shown in the data sheet with the MC 34261 
includes an EMI filter." {Id at P 23.) Erickson also notes 
that the Power Supply Cookbook taught the crucial nature 
of EMI filters for switching power supplies; so it states 
that "the EMI filter is an integral part of any PFC [power 
factor correction] circuit." (Id at P 22,) 

I find all of this undisputed evidence to be clear and 
convincing evidence of the obviousness of claim 4 in 
Hght of Johnson and the Motorola data sheet. By 
recommending the use of the MC 34261 Motorola 
controller in its switching power supply, the Johnson 
patent imphcitly suggests to one of ordinary, skill in the 
art that the information in the controller's data sheet is 
useful and suitable for the operation of its invention. That 
information includes a strong teaching to use EMI filters 
with switching power supplies. Thus I find the Johnson 
patent is [**109] no different than the invention of claim 
4 for purposes of obviousness because it suggests a 
combination of its explicit teachings - the rectifier, the 
power factor correcting switching power supply, and the 
LED array ~ with the EMI filter teaching of the Motorola 
data sheet. 



b. Claims 5 and 6 of the '645 Patent 

Lumileds argues that the prior art Hildebrand patent's 
dynamic load circuit is identical, or at least equivalent, to 
the adaptive clamp circuit of claims 5 and 6. The 
Hildebrand circuit is directed to "attenuating the effects 
of leakage cxirrents when a particular [traffic or 
pedestrian [*8241 crossing] signal is switched to its off 
state." Hildebrand, 1:8-10. It is undisputed fact that the 
Hildebrand circuit uses a Zener diode (CHS) in 
combination with a transistor (Q2) and that those 
components correspond to the Zener diode (D5) and the 
transistor (Ql) of the '645 clamp circuit's "voltage 
sensing means." Hildebrand, 5:51-65. It is also 
undisputed fact that the Hildebrand circuit uses a 
transistor (Q3) in combination with a resistor (R7) and 
that those components correspond to the transistor (Q2) 
and the resistor (R5) of the '645 clamp circuit's "control 
load means," Hildebrand, [**110] 5:66 to 6:6. Finally, it 
is undisputed fact that the Hildebrand circuit places 
resistor (R7) of its "control load means" in the circuit 
when the traffic light is off, thereby preventing leakage 
current, and that if completely removes this resistor (R7) 
from the circuit when the light is on. Hildebrand, 6:17-52. 
This operation corresponds to that of the '645 clamp 
circuit, which places the resistor (R5) of its "control load 
means" in the circuit when the light is off and then 
completely removes that resistor (R5) from the circuit 
when the Hght is on. '645, 7:53 to 8:1. 

This undisputed evidence suffices to show that the 
Hildebrand device is nearly identical in structure and 
function to the adaptive clamp circuit of claims 5 and 6. 
First of all, it shows, that the Hildebrand device "clamps" 
within the meaning of the '645 patent. 34 That is, when 
voltage falls below a certain amount ~ the zener voltage 
of Hildebrand's Zener diode (CR5) - that diode does not 
conduct and the leakage current is directed through 
resistor (R7). Hildebrand, 6:23. Likewise, when the '645's 
voltage falls below a certain amount — the zener voltage 
of its Zener diode (D5) ~ that diode does not conduct and 
leakage current is du-ected through resistor (R5). 
'645, 7:59-62. Second, the undisputed evidence also 
shows that the Hildebrand device is "adaptive" within the 
meaning of the '645 patent. When the Hildebrand light is 
on, its dynamic load circuit removes the resistor (R7), 
and when its light is off, it places the resistor (R7) in the 
circuit to clamp leakage. Hildebrand, 6:42-50; (Third 
Erickson Decl. at PP 33-34). 
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34 Relume argues that Hildebrand does not 
"clamp" within the meaning of the '645 patent 
because it does not do so at the zener voltage 
threshold of 40 volts --. an amount the '645 
specification mentions (but. does not require). I do 
not find this to be a substantial difference for 
obviousness purposes, however, because the 
specification statements in question do not 
suggest that the function of clamping cannot 
occur at different zener voltage thresholds. 

In response to this overwhehning evidence of 
similarity, Relume first argues that the Hildebrand 
dynamic load circuit substantially differs from '645 's 
[**112] adaptive clamp circuit because the Hildebrand 
transistor Q3 is not a solid state switch, as required by the 
'645 patent, but instead is a linear amplifier. Relxmie's 
argument relies on the opinion of its expert, Mr. Gafford. 
I do not find that its argument precludes summary 
judgment, however. Hildebrand does not call the 
transistor Q3 a "linear amplifier." Gafford bases his 
opinion solely on his conclusory observation that some of 
the language of the Hildebrand patent is "unique to the 
language of amplifiers." (Gafford Decl. at P 28.) Gafford 
does not explain how or why this is so. 

Throwing further doubt on Gafford's reliability, 
Lumileds offers evidence showing that all switches, 
including Hildebrand's, operate in a linear amplifier mode 
for a period of milliseconds as they switch between on 
and off -- yet those in the art still consider them to be 
switches. (See Third Suppl. Erickson Decl. at P 63.) Thus 
I find that Gafford's opinion fails to set forth specific 
facts sufficient to raise a genuine issue of material fact. 
See Lockwood v. American Airlines, Inc., 107 F, 3d 1565, 
1571 (Fed. Cir. 1997) (finding that expert's conclusion 
that prior art patent claimed [**113] a limited stmcture 
did not preclude summary [*825] judgment when the 
patent's written description appeared to contradict his 
conclusion). 

Relume's second argument in the face of Lumileds' 
evidence of structural and functional similarity is that the 
combination of Hildebrand's circuit and the Johnson 
device would be inefficient, thereby rebutting any 
motivation for combination. Relume's inefficiency 
argument relies on tests performed by Hochstein on a 
dynamic load circuit he built to match that taught in 
Hildebrand. Hochstein found that the circuit's power 
factor, harmonic distortion, and power dissipation 



characteristics would not pass ITE or Caltrans 
specifications for LED traffic signals. (See Hochstein 
Reply Decl. at PP 14-16.) 

Even viewed in a light most favorable to Relume, 
Hochstein's tests do not constitute evidence that shows 
that the Hildebrand and Johnson devices are inefficient 
when operated together. All Hochstein's tests establish is 
the unsurprising fact that the Hildebrand device alone 
would not win the approval of industry specifications that 
apply to an entire power factor corrected, 
voltage-regulated LED power supply. The relevant tests 
for obviousness purposes [**114] would have been to 
test and compare the performance of Hildebrand's circuit 
against that of the '645 's adaptive clamp circuit or, even 
better, to test and compare the performance of ^ a 
combined Hildebrand and Johnson device against that of 
the entire invention of claims 5 or 6. Relume does not 
submit evidence of either. 

Moreover, Lumileds is correct to point out that the 
claims of the '645 patent do not recite any values for 
power factor, harmonic distortion, or power dissipation. 
As the Federal Circuit has stated "the name of the game is 
the claim." In re Hiniker, Co,, 150 F.3d 1362, 1369 (Fed 
Cir. 1998) (upholding rejection for obviousness even 
though prior art performed less efficiently than patent's 
device because it refused to read specification's 
operational characteristics into broader claims). 
Accordingly, even if the efficiency of the Hildebrand 
circuit were to be less than that of the '645's adaptive 
.clamp circuit (or the efficiency of Hildebrand/Johnson 
were less than that of claim 5 or 6), it would be irrelevant 
to the obviousness question before me. 

This is particularly true in this case because a person 
of ordinary skill in the art would have had a strong 
[**115] motivation to combine Hildebrand and Johnson 
at the time of claim, 5 and 6's invention. Hildebrand 
teaches the crucial lesson that retrofit bulbs in safety 
critical traffic or pedestrian crossing signals will create 
leakage current problems that could interfere with the 
conflict monitors. Hildebrand, 1:6-41. Thus Hildebrand 
would have motivated a person of ordinary skill in the art 
to combine its dynamic load circuit with the retrofit lamp 
of Johnson in order to prevent these well-known leakage 
current problems. 

Accordingly, I find that the combination of the prior 
art Hildebrand and Johnson patents constitutes clear and 
convincing evidence of the obviousness of claims 5 and 6 
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of the '645 patent at the time of their invention. Relume's 
insufficient evidence fails to demonstrate a need for trial 
on the factual issue of the structural and functional 
similarity of a combined Hildebrand/Johnson device to 
claims 5 and 6. See Liberty Lobby, 477 U.S. at 249-50. 

c. Claims 6 and 15 of the '909 Patent 

Lumileds argues that a prior art combination the 
Fujitsu publication with one or both power supply 
textbooks — is identical to claims 6 and 15 of the '909 
patent. Claims [**116] 6 and 15 recite the alternate 
technique for adjusting the energy supplied to the LEDs 
by frequency modulation (instead of pulse width 
modulation). Fujitsu discloses pulse width modulation, 
but not frequency modulation. Both the Power Supply 
Cookbook and the Electronic Circuits and Applications 
disclose the use of frequency modulation with switching 
[*826] power supplies. Based on these sources and his 
expertise, Professor Erickson states in his declaration that 
the two methods were well-known design choices within 
the field of switching powers supplies. (See Third 
Erickson Decl. at PP 50-53.) Indeed, the '909 patent 
concedes this fact of the prior art when it notes that it is 
"widely recognized that control of power supply output 
voltage or output current is most efficiently accompHshed 
by varying the pulse width or frequency of the switched 
waveform." '909, 5:51-54. From this evidence, then, it is 
clear that the Fujitsu publication would have suggested 
the alternate use of frequency modulation to one of 
ordinary skill simply because it used a switching power 
supply to adjust the average current to the LEDs. 

Relume provides no specific facts in response. It 
reiterates conclusory [**117] denials that it also raised in 
the anticipation inquiry. Pursuant to Rule 56(e), this does 
not suffice to create a genuine dispute worthy of trial. I 
therefore find that the Fujitsu publication in combination 
with either power supply textbook constitutes clear and 
convincing evidence of obviousness because the 
combinations are no different from the inventions of 
claims 6 and 15. 

d. Claims 9 and 18 of the '909 Patent 

Lumileds argues that a prior art combination - the 
Fujitsu publication with the Power Supply Cookbook -- is 
identical to the inventions of claims 9 and 18 of the '909 
patent. Claims 9 and 1 8 relate to using a filter to provide 
substantially d.c. power to the LEDs. The Power Supply 
Cookbook establishes that it was well known in the art of 



the mid-1990's that a filter could be used to convert 
on/off pulses from a switching power supply to 
substantially d.c. power. The '909 patent acknowledges 
that d.c. power supplies "normally" use a filter to produce 
substantially d.c. power. '909, 4:54-56. And it is 
undisputed that the Fujitsu lighting control circuit is a d.c. 
power supply of the type referred to in the '909 patent, 
(See Third Suppl. Erickson Decl. [**118] at P 68.) Thus 
the evidence offered by Lumileds more than satisfies its 
Rule 56(c) burden of showing that there is no genuine 
issue of material fact that a combination of the Fujitsu 
publication and the Power Supply Cookbook is clear and 
convincing evidence of the obviousness of claims 9 and 
1 8 at the time of their invention. 

Relume's only defense is that Fujitsu teaches away 
from using a filter. Specifically, Relume argues that the 
Fujitsu circuit would not use a filter because it is well 
known in the optical scanning arts that the detector circuit 
must receive pulsed light from the LEDs for its efficient 
operation - not the substantially constant light that would 
come from filtered, substantially d.c. power. Relume's 
only evidence in support of this argument comes from its 
inventor, Mr. Hochstein. (See Hochstein Reply Decl. at P 
9.) 

I find that Relume's argument fails to create a 
genuine issue of material fact. It depends on an 
erroneously narrow view of the invention disclosed by 
the Fujitsu publication. Although Fujitsu mentions 
application of its invention in the field of optical scanning 
devices, its claim language and written description are 
broad in scope and reveal [**119] ani invention that 
could have application in any setting where LEDs are 
exposed to increasing temperatures. Furthermore, Fujitsu 
nowhere discloses the use of a pulse detector v^th its 
circuit. Nor does Relume submit any prior art references 
that support Hochstein's assertion about the ordinary 
knowledge of those in the optical scanning arts. 

The Fujitsu publication simply lacks any express or 
implied teaching away from the use of a filter to produce 
substantially d.c. power. In fact, the evidence offered by 
Lumileds establishes that the Fujitsu publication would 
have suggested the use of a filter to one of ordinary skill 
given the fact that it is a d.c. powered device, I therefore 
find that the combination of Fujitsu and the Power 
Supply Cookbook, constitutes clear and convincing 
evidence of obviousness [*827] because there is no 
difference between the combined prior art and the 
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inventions of claims 9 and 18. 

4. Secondary Considerations 

This final Graham inquiry requires me to consider 
relevant evidence of any secondary, non-obviousness 
factors such as commercial success, long-felt need, 
failure of others, skepticism and unexpected results. See 3 
M V. Johnson & Johnson Orthopaedics, Inc., 976 F2d 
1559, 1573 (Fed Cir. 1992), [**120] These secondary 
considerations, however, "are but a part of the 'totahty of 
the evidence' that is used to reach the ultimate conclusion 
of obviousness." Richardson-Vicks, 122 F.Sd at 1483, 
The existence of such evidence does not control the 
obviousness determination. Id.; see also Ryko Mfg. Co. v. 
■M-Star, Inc., 950 F.2d 714, 719 (Fed Cir, 1991) (noting 
that the weight of secondary considerations may be of 
insufficient weight to override a determination of 
obviousness based on primary considerations). 

Reliune makes various assertions and submits a 
smattering of anecdotal evidence as to four secondary 
considerations: copying, commercial success, long-felt 
need, and failure of others or skepticism. Each hinges on 
Relume's unstated assimiption that all LED traffic Hghts 
which meet industry specifications must infringe the '645 
and '909 patents. As defendants' successful motions for 
noninfringement have demonstrated, however, there are 
many ways to satisfy industry specifications without 
using literally infringing technology. Even Hochstein 
concedes this. (See Hochstein Dep. at 455-56.) 

I find Relume's arguments as to the copying factor to 
be without [**121] evidentiary support. Except for 
Ecolux's temperature compensation circuit, I found that 
all the accused products at issue in the motions did not 
literally infringe the asserted claims of the '645 and '909 
patents. Furthermore, Relume has no independent 
evidence of copying, only the assertion that because 
defendants at one point argued an equitable estoppel 
defense, they admit they copied Relume's patents. This 
assertion is of course insufficient to preclude summary 
judgment in the face of defendants' strong prima facie 
evidence of obviousness. 

The commercial success factor is likewise unhelpful 
for Relume. Relume argues that evidence of defendants' 
commercial success, as well as its own, is evidence of the 
non-obviousness of its patents. This argument fails for 
two simple reasons. First, because Relume has failed to 
defeat defendants' motions for non-infringement (except 



with respect to Ecolux and the '909 patent), it cannot rely 
on the well-substantiated success of defendants' accused 
products to prove the commercial success of its claimed 
features. Second, Relume has not shown that its claimed 
features have enjoyed any commercial success. All it has 
proved to date is that one community [**122] — 
Murietta, Cahfornia - has awarded it a bid for 400 LED 
traffic signals. 

As to long- felt need, the only evidence Relume 
offers is evidence of a need for industry specifications, 
not necessarily for the claimed features of Relume's 
patents. Because defendants have demonstrated that there 
are several ways manufacturers can meet those 
specifications. Relume cannot rely on those specifications 
to estabhsh that there was a long-felt need for its patents. 
At best, Relume's evidence suggests that the LED traffic 
signal industry began in the last few years to regulate 
itself 

The final factor Relume argues is failure of others or 
skepticism. Its evidence of this is slim to non-existent. It 
first offers the testimony of Patrick Mullins, an individual 
associated with McCain Traffic Supply, as evidence of 
failure. (See MuUins Dep. at 40-41, 80.) Relume claims 
that he testifies as to McCain's inability to make an LED 
traffic signal with power factor correction. A close 
reading of MulUns' testimony, however, reveals that he 
only states that McCain never successfully marketed an 
[*828] LED traffic signal with power factor correction, 
not that it could not build one. (See id. at 80) Relume 
[**123] also offers the testimony of a Martin Wallen as 
evidence of skepticism as to the '909 patent. Wallen's 
testimony alone does not constitute sufficient evidence to 
overcome the strong prima facie evidence of obviousness 
in this case. 

In the end. Relume cannot point to any convincing 
evidence of non-obviousness. In light of the clear and 
convincing prima facie evidence of obviousness in the 
prior art, I therefore hold that claims 2, 4, 5, and 6 of the 
'645 patent and claims 6, 9, 15, and 18 of the '909 patent 
are invalid because they would have been obvious to one 
of ordinary skill in the art at the time of their invention. 

Conclusion 

For all of the foregoing reasons, Dialight's, 
Precision's, and Lumileds' motions for noninfiingement 
are GRANTED on the issue of literal noninfringement as 
•to all asserted claims of the '645 and '909 patents. 
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Ecolux's motion for noninfringement is GRANTED on 
the issue of literal noninfringement as to all asserted 
claims of the '645 patent, but is DENIED on the same 
issue as to the asserted claims of the '909 patent, 

I decline to consider the issue of infringement 
through the doctrine of equivalents at this time because of 
the [**124] parties' inadequate briefing on that issue. 
This has no bearing on the outcome of the case, however, 
because of my validity rulings, which find all asserted 
claims invalid due to prior art. 

Accordingly, Lumileds' anticipation motion is 
GRANTED as to claim 1 of the '645 patent and claims 



1-3, 7, 10-12, and 16 of the '909 patent, but is DENIED 
as to claims 2 and 4 of the '645 patent. Lumileds' 
obviousness motion is GRANTED as to claims 2, 4, 5, 
and 6 of the '645 patent and claims 6, 9, 15, and 18 of the 
'909 patent. 

IT IS SO ORDERED. 

John Feikens 

United States District Judge 
DATED: Aug 26, 1999 
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OPINION 

[*894] CLEVE^QEK, Circuit Judge. 

Relume Corporation ("Relume") appeals from the 
summary judgment of the United States District Court for 
the Eastern District of Michigan, holding that the 
defendants' accused products do not literally infringe the 
asserted claims of US. Patent No. 5,661,645 ("the '645 
patent") or US. Patent No. 5,783,909 ("the '909 
patent"), both assigned to Relume, and holding that both 
patents are invalid. Relume Corp. v. Dialight Corp., 63 F, 



Supp. 2d 788, 802 (E.D. Mich. 1999), We affirm. 
I 

Relume raises several arguments on appeal: (1) 
whether the district court erred in its interpretation of 
certain limitations in the patents, (2) whether such errors 
in claim interpretation led to errors in the court's analysis 
of the validity issues, (3) whether disputed issues of 
material fact preclude summary judgment on the validity 
issues, and (4) whether alleged errors in claim 
interpretation [**2] or the disputed issues of material 
fact undercut the district court's judgment of no literal 
infringement. 

II 

We have fully reviewed the careful, extensive and 
well-crafted opinion of the district court. We have 
carefiilly examined the arguments presented by the 
parties in their briefs and have considered in full the 
arguments made by the parties at oral argument. 

For the reasons stated in the opinion of the district . 
court, we agree that all of the asserted claims of the '645 
and '909 patents are invalid. Because we affirm the 
district court's judgment on the validity issues, we need 
not reach the questions raised by Relume as to the 
judgment of noninfringement. 



